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(54) Optical broadband tellurite fibre amplifier using multi-wavelength pump 



(57) This invention relates to an optical fiber ampli- 
fier and the following four structures of attaining a flat 
gain spectrum over a wide wavelength region. The first 
structure relates to a Raman amplifier where a tellurite 
fiber (1 ) is pumped with two wavelengths ( x 1 , x 2) having 
a predetermined difference. The second structure re- 
lates to a Raman amplifier or an optical communication 



system employing a tellurite fiber (1) and a silica fiber 
(1 1 ). The third structure relates to an optical fiber ampli- 
fier employing an Erbium-doped tellurite fiber (21) of 
which Erbium concentration is low. The fourth structure 
relates to an optical fiber amplifier employing a rare- 
earth doped fiber such as the Erbium-doped fiber (21) 
and a tellurite fiber (1). 
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Description 

[0001 ] This invention relates to an optical fiber ampli- 
fier and an optical communication system using the op- 
tical fiber amplifier. 

[0002] It has become increasingly important year after 
year to increase the capacity of the optical communica- 
tion system. One of the promising approaches to higher 
communications capacities is the fiber-optic wavelength 
division multiplexing system(WDM system). In order to 
increase the capacity of the WDM system and the 
number of available channels, an amplifier presenting 
fiat gain characteristics over a wider range of wave- 
length will be needed; for example, a bandwidth wider 
than 1 0Onm is predicted to become necessary in the fu- 
ture. 

[0003] As conventional amplifiers for the fiber-optic 
communication system, rare-earth element doped am- 
plifiers such as the Erbium-doped fiber amplifier(EDFA), 
Thulium-doped fiber amplifierfTDFA) and Praseodym- 
iumdoped fiber amplifier(PDFA) have been used. How- 
ever, the band for signal amplification is dependent on 
the doped element and this band cannot be changed as 
desired, in such rare-earth doped fiber amplif iers. In ad- 
dition, the wavelength range of flat gain is currently lim- 
ited to 40nm at the maximum in such rare-earth doped 
fiber amplifiers. Also, it is not allowed to amplify signals 
in the 1510-1530nm range or the range of 1460nm or 
less. Three or four rare-earth doped fiber amplifiers for 
different wavelengths must be jointly used to provide a 
bandwidth of about 1 00-200nm of flat gain characteris- 
tics. Then the system will be complex and its manufac- 
turing cost will become high. 

[0004] Meanwhile, Raman fiber amplifiers have been 
intensively investigated in recent years, which can am- 
plify light signals in the ranges where the rare-earth 
doped fiber amplifiers cannot work, and whose amplifi- 
cation range can be set in any desired wavelengths. 
FIG.1A illustrates the structure of the prior art Raman 
amplifier using the silica fiber(hereafter, silica Raman 
amplifier). The Raman amplifier of this type is described 
by H. Masuda et al. in Tech. Dig. of ECOC, pp.139-140, 
1998. This amplifier intensifies the input signals that 
have gone through wavelength division multiplexing. 
This Raman amplifier has an optical fiber 51 serving as 
a gain medium, a pump light source 53 for pumping the 
medium and a coupler 52 for combining the pump light 
emitted from the pump light source and the signal light. 
This optical fiber is usually a silica fiber having a large 
NA(numerical aperture). Note that, for simplicity of de- 
scription, FIG.1 A does not show common optical parts 
such as isolators installed before and after the optical 
fiber. 

[0005] The amplifier shown in FIG.1 A has the config- 
uration that is most commonly employed where the 
pump light and the signal light travel in opposite direc- 
tions, namely, the backward pumping configuration. The 
following description, however, may apply to the forward 



pumping configuration as well. The pump light emitted 
from the pump light source may have a one or more 
wavelength. FIG.1 B illustrates the gain coefficient spec- 
trum of a silica Raman amplifier using pump light of a 

5 single wavelength. The horizontal axis represents the 
difference in wavelength between the signal light and 
the pump light. The gain coefficient spectrum of this sil- 
ica Raman amplifier using pump light of a single wave- 
length shows a single peak at around 100nm. The flat 

10 gain bandwidth is about 20nm at most in this siiica Ra- 
man amplifier using pump light of a single wavelength. 
[0006] Y. Emori et al. presented a silica Raman am- 
plifier in Proc. of OFC, PD1 9 in 1 999, that was capable 
for providing a flat gain bandwidth of up to 100nm by a 

15 gain spectrum flattening and bandwidth widening tech- 
nique using pump light of 1 0 and some wavelengths. 
The range of the flat gain bandwidth was determined by 
the physical properties of the silica fiber. This silica Ra- 
man amplifier was very expensive because it needed 

20 more than 1 0 light sources of different wavelengths and 
an optical circuit for combining the pump light beams 
emitted from those light sources. 
[0007] The continuous flat gain bandwidth provided 
by low-cost amplifiers has been typically limited to about 

25 60nm in the prior art. 

[0008] Thus there has been a long-lasting demand for 
an amplifier capable of providing a wider band(60nm or 
more) and flatter gain characteristics than the conven- 
tional one, in order to increase the capacity and availa- 

30 ble channel number of the WDM system. 

[0009] It is, therefore, the object of the present inven- 
tion to provide an optical fiber amplifier and an optical 
communication system using the amplifier for yielding a 
wideband and flat gain spectrum by combining more 

35 than one gain spectrum. 

[0010] The inventors have found that the gain coeffi- 
cient spectrum of the Raman amplifier using tellurite- 
glass as the gain medium( hereafter, tellurite Raman am- 
plifier) lies in longer wavelengths than those for the silica 

40 Raman amplifier if the pump wavelength is the same. 
FIG.2 shows the gain coefficient spectrum of the tellur- 
ite-Raman amplifier using pump light of a single wave- 
length. The horizontal axis represents the difference in 
wavelength between the single light and the pump light. 

45 As evident from FIG.2, the tellurite- Raman amplifier has 
two peaks in its gain coefficient spectrum at around 
170nm and 90nm in wavelength difference (hereafter, 
referred to as the first peak P1 and the second peak P2, 
respectively), while presenting a valley at around 1 20 nm 

so in wavelength difference(hereafter, the first bottom B1). 
The gain coefficient falls at wavelengths shorter than the 
wavelength of the second peak(hereafter, this region is 
referred to as the second bottom B2). 
[0011] Since the tellurite Raman amplifier has a 

55 Stokes shift larger than that of the silica Raman amplifier 
and the distance between the first peak P1 and the sec- 
ond peak P2 is long, it has the potential to be a wideband 
amplifier applicable to wider ranges of wavelength. In 
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order to make the tellurite Raman amplifier available in 
the WDM system, the gain coefficient spectrum must be 
flattened by raising the gain coefficient in the first bottom 
B1 located between the first peak P1 and the second 
peak P2. Further, if the gain coefficient in the second 
bottom B2 is also raised, the tellurite Raman amplifier 
can be used as an amplifier for the WDM system that 
will utilize a wider bandwidth in the future. 
[001 2] Besides, since the gain coefficient of the tellur- 
ite Raman amplifier is higher than that of the silica Ra- 
man amplifier, the same level of gain coefficient is pro- 
vided by a shorter tellu rite-glass fiber. For these rea- 
sons, the tellurite Raman amplifier is advantageous for 
use in the WDM system. 

[0013] The first aspect of the present invention is a 
Raman amplifier having a tellurite fiber pumped with at 
least two pump light beams of different wavelengths, 
wherein the difference in wavelength is predetermined. 
This Raman amplifier may have two or more tellurite fib- 
ers to present a multi-stage structure(the first and sec- 
ond embodiments). 

[0014] The second aspect of the present invention is 
a Raman amplifier having a tellurite fiber pumped with 
pump light of a single wavelength and a silica fiber 
pumped with another pump light of a single wavelength, 
wherein the wavelengths of pump light are different from 
each other(the third to fifth embodiments). 
[0015] The third aspect of the present invention is a 
Raman amplifier having a plurality of tellurite and silica 
fibers alternately located, wherein those fibers are 
pumped with at least two pump light beams of different 
wavelengths(the sixth embodiment). 
[0016] The fourth aspect of the present invention is a 
Raman amplifier having a tellurite fiber pumped with 
pump light of a single wavelength and a silica fiber 
pumped with two or more pump light beams of wave- 
lengths different from each other(the seventh embodi- 
ment). 

[0017] The fifth aspect of the present invention is a 
Raman amplifier having a tellurite fiber pumped with two 
or more pump light beams of wavelengths different from 
each other and a silica fiber pumped with pump light of 
a single wavelength(the eighth embodiment). 
[0018] The sixth aspect of the present invention is a 
Raman amplifier having a tellurite fiber pumped with two 
or more pump light beams of wavelengths different from 
each other and a silica fiber pumped with two or more 
pump light beams of wavelengths different from each 
other. This Raman amplifier may have an additional tel- 
lurite fiber pumped with two or more pump light beams 
of wavelengths different from each other(the ninth and 
tenth embodiments). 

[001 9] The seventh aspect of the present invention is 
a Raman amplifier having a rare-earth doped fiber and 
a tellurite fiber, wherein those fibers are pumped with 
pump light beams of wavelengths different from each 
other(the eleventh to fourteenth embodiments). 
[0020] The eighth aspect of the present invention is a 



Raman amplifier having a tellurite fiber to which a low 
concentration of erbium has been doped, wherein this 
fiber is pumped with two pump light beams(the fifteenth 
and sixteenth embodiments). 

5 [0021 ] The ninth aspect of the present invention is an 
optical communication system having a tellurite fiber 
and a silica fiber serving as a transmission line, wherein 
those fibers are pumped with pump light beams of wave- 
lengths different from each other(the seventeenth em- 

10 bodiment). 

[0022] The tenth aspect of the present invention is an 
optical communication system having: a tellurite fiber 
pumped with light of a single wavelength or pumped with 
two or more pump light beams of wavelengths different 

15 from each other; a first silica fiber pumped with light of 
a single wavelength or pumped with two or more pump 
light beams of wavelengths different from each other; 
and a second silica fiber that serves as a transmission 
line and is pumped with light of a single wavelength or 

20 pumped with two or more pump light beams of wave- 
lengths different from each other(the eighteenth embod- 
iment). 

[0023] The optical fiber amplifier according to the 
present invention is a Raman fiber amplifier using a tel- 

25 lurite fiber in principle and provides such advantages as 
the widening of flat gain wavelength region, reduction of 
noise figure and augmented output of the amplifier, 
through the combination of techniques: 1) pumping the 
tellurite fiber with two wavelengths; 2) pumping the tel- 

30 lurite fiber and the silica fiber with different wavelengths; 
3) pumping the low-concentration Er-doped tellurite fib- 
er with one or two wavelengths; and 4) pumping the tel- 
lurite fiber and the Tm-doped fiber with different wave- 
lengths. The approach of the present invention can re- 

35 duce the manufacturing cost of the amplifier because 
the above goals are attained with a minimal number of 
pumping light sources. 

[0024] Also the optical communication system ac- 
cording to the present invention is a system that uses a 

40 repeater incorporating the tellurite fiber and the silica fib- 
er transmission line for distributive amplification. 
Through the combination of the above techniques, the 
range of flat gain bandwidth is expanded, noise figure 
is reduced, and the output of the amplifier is augmented 

45 even with a minimal number of pump light sources. 
[0025] The above and other objects, effects, features 
and advantages of the present invention will become 
more apparent from the following description of embod- 
iments thereof taken in conjunction with the accompa- 

50 nying drawings. 

FIG.1 is a diagram illustrating the silica Raman am- 
plifier of prior art and its gain coefficient spectrum, 
FIG.1 A showing the structure of the silica Raman 
55 amplifier, and FIG.1B showing its gain coefficient 
spectrum; 

FIG.2 is a diagram illustrating the gain coefficient 
spectrum of a tellurite Raman amplifier using pump 
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light of a single wavelength; 
FIG.3 is a diagram illustrating the structure of the 
Raman amplifier according to the first embodiment 
of the invention; 

FIG.4 illustrates the gain coefficient spectra of the 
tellurite Raman amplifier according to the first em- 
bodiment of the invention, FIG.4A showing the gain 
spectrum(relative value in dB values) obtained in 
Example 1 , and FIG.4B showing the gain spectrum 
(relative value in dB values) obtained in Example 2; 
FIG.5 is a diagram illustrating the structure of the 
Raman amplifier according to the second embodi- 
ment of the invention; 

FIG.6 is a diagram illustrating the structure of the 
Raman amplifier according to the third embodiment 
of the invention; 

FIG.7 is a diagram illustrating the structure of the 
Raman amplifier according to the fourth embodi- 
ment of the invention; 

FIG. 8 is a diagram illustrating the structure of the 
Raman amplifier according to the fifth embodiment 
of the invention; 

FIG. 9 is a diagram illustrating the structure of the 
Raman amplifier according to the sixth embodiment 
of the invention; 

FIG.10 is a diagram illustrating the structure of the 
Raman amplifier according to the seventh embodi- 
ment of the invention; 

FIG.11 illustrates the gain spectra of the Raman am- 
plifier according to the seventh embodiment of the 
invention, FIG.11 A showing the gain spectrum(rel- 
ative value in dB values) obtained in Example 4 for 
comparison, and FIG.11 B showing the gain spec- 
trum(relative value in dB values) obtained in Exam- 
ple 8; 

FIG.12 is a diagram illustrating the structure of the 
Raman amplifier according to the eighth embodi- 
ment of the invention; 

FIG. 13 is a graph illustrating the Raman gain of the 
tellurite fiber pumped with light of a single wave- 
length and that of two wavelengths; 
FIG. 14 is a diagram illustrating the structure of the 
Raman amplifier according to the ninth embodiment 
of the invention; 

FIG. 15 is a diagram illustrating the structure of the 
Raman amplifier according to the tenth embodiment 
of the invention; 

FIG. 16 is a diagram illustrating the structure of the 
Raman amplifier according to the eleventh embod- 
iment of the invention; 

FIG. 17 is a diagram illustrating the structure of the 
Raman amplifier according to the twelfth embodi- 
ment of the invention; 

FIG.18 is a diagram illustrating the structure of the 
Raman amplifier according to the thirteenth embod- 
iment of the invention; 

FIG.19 is a diagram illustrating the structure of the 
Raman amplifier according to the fourteenth em- 



bodiment of the invention; 
FIG.20 is a diagram illustrating the structure of the 
Raman amplifier according to the fifteenth embod- 
iment of the invention; 
5 FIG.21 is a diagram illustrating the structure of the 
Raman amplifier according to the sixteenth embod- 
iment of the invention; 

FIG.22 is a diagram illustrating the structure of the 
optical communication system according to the sev- 
io enteenth embodiment ot the invention; and 

FIG.23 is a diagram illustrating the structure of the 
optical communication system according to the 
eighteenth embodiment of the invention. 

is [Q026] This invention relates to a Raman amplifier us- 
ing the tellurite fiber and an optical communication sys- 
tem using this amplifier, more specifically, to a Raman 
amplifier for amplifying the signal light of the 1 .3-1 .5um 
band which is the wavelength region of low propagation 

20 loss for optical fibers and the optical communication sys- 
tem using this amplifier In general, the Raman amplifier 
can enhance the signal intensity in any desired range of 
wavelength by properly selecting a wavelength for 
pumping. 

25 fp027] In this specification, "connecting in series" two 
members means that signal light propagates between 
the two members with experiencing no splitting. This ex- 
pression indicates that there may exist common optical 
parts(such as a coupler for introducing pump light) be- 

30 tween the two members. 

The first Embodiment 

[0028] The first embodiment of the present invention 
35 is a tellurite Raman amplifier shown in FIG.3 that has a 
tellurite fiber and two laser sources for pump light of dif- 
ferent wavelengths. The difference in waven umber be- 
tween the two pump light beams emitted from the re- 
spective laser sources is 125-290cnrr 1 in absolute val- 
40 ues. 

[0029] Referring now to FIG.3, the optical fiber serv- 
ing as a gain medium is a tellurite fiber 1 . The two pump 
light beams emitted from the laser sources 5a and 5b 
are coupled in the coupler 4 and then enter the tellurite 
45 fiber 1 via the coupler 2 opposite in direction to the travel 
of signal light. 

[0030] The available tellurite fibers have composi- 
tions of TeOg-ZnOMgO-LgOg or Te0 2 - 
ZnO-M 2 0-L203-Q0 2 . In these compositions, "M" repre- 
so sents one or more alkaline metals; "L" at least one of B, 
Bi, La, Al, Ce, Yb and Lu; and "Q" at least one of Ge, Si 
and Ti. The tellurite fiber may be a dispersion compen- 
sating fiber. 

[0031 ] The laser sources 5a and 5b may be semicon- 
55 ductor laser modules(LDM) or Raman laser. Particular- 
ly, LDM is suitable for practical use because it is com- 
pact, reliable and long-life. Thus the embodiments of the 
present invention employ LDM as the laser source. 
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However, ft is evident that laser modules other than LDM 
wilt provide the same effects. In this specification, two 
LDMs 5a and 5b are denoted as LDM-1 and LDM-2, 
while their pump light wavelengths are denoted M and 
X2 respectively. 5 
[0032] In FIG.3, the pump light of more than one 
wavelength precombined the pump light beams emitted 
from two pump light sources LDM-1 and LDM-2 is intro- 
duced into the tellurite fiber 1 viathe coupler 2. However, 
the pump light beams emitted from LDM-1 and LDM-2 
may be separately injected into the tellurite fiber without 
p recombination. 

[0033] FIG.3 shows a configuration where the pump 
light travels in opposite to the direction of signal light, 
namely, in the backward pumping configuration; howev- 
er, it may take the forward pumping configuration where 
the signal light and the pump light travel in the same 
direction. 

[0034] Alternatively, a gain equalizer may be installed 
downstream of the tellurite fiber 1 or the coupler 2 in 
FIG.3, to further flatten the gain coefficient spectrum. 
[0035] In order to extend the flat gain region of the 
Raman amplifier according to the present invention, X1 
and A2 should be set at wavelengths so that the first 
bottom in the gain coefficient spectrum provided by the 
pump light of wavelength X1 is compensated by the first 
peak in the gain coefficient spectrum provided by the 
pump light of wavelength X2. As indicated by the gain 
coefficient spectrum shown in FIG. 2, the flat gain region 
can be extended when the difference between X1 and 
X2 is 30-70nm. The difference between X1 and X2 is 
preferably 35-60nm, more preferably 4O50nm. 
[0036] The Raman amplifier can operate at any de- 
sired wavelength range corresponding to the wave- 
length of pump light: The gain band is expressed more 
precisely by energy or wavenumber (crrr 1 , kayser) than 
by wavelength. For example, a difference of 30-50nm in 
wavelength in the above 1 .55um band is equal to a dif- 
ference about 125-290cnr 1 in wavenumber. This differ- 
ence in wavenumber is maintained in any wavelength 
band. Note that a difference of 125cnr 1 in wavenumber 
corresponds to a difference of 30nm in wavelength in 
the 1 .55um band, while it corresponds to a difference of 
24.5nm, 0.86 times the above value, in the 1 .4pm band. 
[0037] Instead of two laser sources, three or more la- 
ser sources may be used that emit pump light beams of 
different wavelengths. Namely, three or more laser 
sources may also be used as far as their wavelength 
settings are the same as the above. More specifically, 
the three or more laser sources are divided into two 
wavelength groups of which wavelength ranges do not 
overlap, and the absolute value of the difference in wav- 
enumber between their corresponding weight center 
wavelengths of the two wavelenght groups is at 
125-290crrr 1 . 

[0038] The weight center wavelength Ac is defined as 
follows assuming that the light powers of as many as n 
wavelengths (VI -An) are given by P1-Pn. 




[0039] If described on a quantitative basis, assuming 
that the first wavelength group is made of X1 1 -A1 n and 
the second wavelength group of A21-A2m 
(A1-X1n>A21-A2m) and that the weight center wave- 
length of the first wavelength group is Xic and that of 
the second wavelength group X2c, the difference be- 
tween X1c and A2c is adjusted in 30-70nm. Therefore, 
the absolute difference in wavenumber between light 
beams corresponding to center wavelengths X1 c and 
X2c of the two groups is 125-290crrr 1 . 
[0040] For example, a four-wavelength setting may 
be employed where the individual set of wavelength and 
power are 1460nm, 200mW; 1450nm, 50mW; 1410nm, 
200mW; and 1400nm, 50m W. In this case, the weight 
center wavelength of the two pump light beams of 
1460nm, 200mW and 1450nm, 50mW, is 1 458 nm; while 
that of another two beams, 1410nm, 200mW and 
1400nm, 50mW, is 1408nm. Since the difference in 
weight center wavelength is 50nm, this four-wavelength 
setting works equally with the above two-wavelength 
pumping setting. 

[0041] In order to extend the flat gain band based on 
the above wavelength settings for pump light, it is nec- 
essary to control the magnitude of the gain coefficient 
provided by each pump light. Such control of the gain 
coefficient is performed by setting the output power of 
light sources LDM-1 and LDM-2 at appropriate levels. 

[Example 1] 

[0042] In the Raman amplifier shown in FIG.3, the 
wavelength of pump light emitted from LDM-1 was set 
at 1460nm and its power at 500mW; while that of pump 
light emitted from LDM-2 at 1410nm and its power at 
500mW. The length of the tellurite fiber 1 was 200m. 
[0043] FIG.4A demonstrates the gain spectrum(rela- 
tive value in dB values) provided by the present exam- 
ple. The present example provided a gain spectrum flat- 
tened over the about 150nm range(flat gain band) be- 
tween around 1 500-1 650nm. This flat gain band was 
considerably wider than the about 60nm range provided 
by prior art. 

[0044] The tellurite fiber used in the present embodi- 
ment was much shorter than the silica fiber used in the 
prior art silica Raman amplifier. However, it had gain co- 
efficients equal to or higher than those of the silica fiber. 

[Example 2] 

[0045] Example 1 was repeated except that the wave- 
length of pump light emitted from LDM-2 was set at 
1420nm. 

[0046] FIG.4B demonstrates the gain spectrum(rela- 
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tive value in dB values) provided by the present exam- 
ple. The present example provided a gain spectrum flat- 
tened over the about 150nm range{flat gain band) be- 
tween around 1 500-1 650nm. This flat gain band was 
considerably wider than the about 60nm range provided 5 
by prior art. 

The second Embodiment 

[0047] The second embodiment of the present inven- 
tion is a tellurite Raman amplifier shown in FIG.5 that 
has two tellurite fibers, a gain equalizer installed be- 
tween these tellurite fibers, and two laser sources for 
pump light of different wavelengths (X1 and A2). 
[0048] In the configuration shown in FIG.5, a tellurite 
fiber 1a, a coupler 2a, a gain equalizer 15, a tellurite 
fiber 1b, and a coupler 2b are connected in series. The 
pump light beams emitted from laser sources 5a and 5b 
are combined in the coupler 4. The combined pump light 
is divided by a splitter 1 6; one output beam from the split- 
ter is guided to the coupler 2a to pump the tellurite fiber 
1 a and the other to the coupler 2b to pump the tellurite 
fiber 1b. 

[0049] The tellurite fiber employed in this embodiment 
is the same as that used in the first embodiment 
[0050] Pump light is supplied to both of the two tellur- 
ite fibers. In this case, separate pump light sources may 
be prepared for the individual tellurite fibers. However, 
it is better to use a single light source like 3 that shown 
in FIG.5, for simplicity of configuration and low cost for 
the Raman amplifier. Although FIG.5 shows the back- 
ward pumping configuration, the forward pumping con- 
figuration is allowed as well in the present embodiment. 
[0051] The requirements that wavelengths X1 and A2 
should meetfor bandwidth widening of the flat gain band 
of the Raman amplifier are the same as those described 
in the first embodiment. Namely, when the difference be- 
tween X1 and A2 is set at a value between 30nm and 
70nm, the flat gain band can be extended. In particular, 
X1-A2=50nm is preferred. In the wavelength band for 
amplifying the signals of the 1 .55um band, the differ- 
ence in wavenumber between the two pump light beams 
corresponding to the aforementioned wavelength differ- 
ence, 30-50nm, becomes about 125-290crrr 1 . 
[0052] Alternatively, pump light beams emitted from 
three or more laser sources may be used, as is the case 
with the first embodiment. In such a case, the three or 
more laser pump beams are divided into two wavelength 
groups of which wavelength ranges do not overlap, and 
the absolute value of the difference in wavenumber be- 
tween the corresponding weight center wavelengths of 
the two wavelength groups is set at 125-290crrr 1 . 
[0053] A gain equalizer 1 5 is installed between the tel- 
lurite fibers 1a and 1b so that the output power of the 
Raman amplifier is held high. Because signal light is am- 
plified by the tellurite fiber 1 b located in the downstream 
stage after it has been attenuated to a predetermined 
extent in the gain equalizer 15, the output power of the 



Raman amplifier is determined by the output power of 
the tellurite fiber 1 b located in the downstream stage and 
kept at a high level. Meanwhile, if the gain equalizer 15 
is installed in the final stage, namely, downstream of the 
tellurite fiber 1 b, the obtained output power will be lower 
than the output power of the tellurite fiber 1 b by the loss 
in the gain equalizer 15. 

[0054] The spectral characteristics of the transmis- 
sion loss of the gain equalizer are determined taking ac- 
count of the gain spectrum shown in FiG.4. For exam- 
ple, a simple equalization can be easily conducted on 
the gain spectrum shown in FIG.4A in the about 
1 500-1 650nm wavelength region with a gain equalizer 
having a transmission loss spectrum having a Gaussian 
profile of which peak wavelength lies at about 1 560nm 
and half width at half depth(hereinafter, referred to as 
half-width) is about 20nm. 

[Example 3] 

[0055] In the Raman amplifier shown in FIG.5, the 
wavelength of pump light emitted from LDM-1 was set 
at 1 460nm and its power at 500mW; while that of pump 
light emitted from LDM-2 at 1410nm and its power at 
500mW. The tellurite fibers 1a and 1b were 200m and 
1 80m long, respectively. A gain equalizer was used that 
had a transmission loss spectrum having a Gaussian 
profile of which peak wavelength lay at about 1560nm, 
peak loss was 8dB and half-width was about 20nm. 
[0056] The Raman amplifier of this example provided 
aflat gain spectrum overthe about 1500-1 650nm wave- 
length region. The flatness in the gain spectrum raised 
by 8dB, compared with the case using no gain equalizer. 



[0057] The third embodiment of the present invention 
is a tellurite Raman amplifier shown in FIG.6 that has a 
tellurite fiber, a silica fiber, two laser sources for pump 
light of different wavelengths and two couplers that com- 
bine the pump light emitted from these laser sources 
and signal light. 

[0058] Referring now to FIG.6, the tellurite fiber 1, 
coupler 2a, silica fiber 1 1 and coupler 2b are connected 
in series. The pump light(X1 ) emitted from the first laser 
source 5a pumps the tellurite fiber 1 when introduced 
via the coupler 2a, while the pump I ight(A2) emitted from 
the second laser source 5b pumps the silica fiber 11 
when introduced via the coupler 2b. 
[0059] In this embodiment, the first bottom B1 of the 
gain coefficient spectrum of the tellurite fiber provided 
by the pump Iight(X1 ) emitted from the first laser source 
is compensated by overlapping it on the peak of the gain 
coefficient spectrum of the silica fiber provided by the 
pump light(X2). This compensation is attained by setting 
the difference between X1 and 12 at X2-X1 =25±15nm, 
namely, 1 0nm<X2-X1 <40nm. The difference between 
X1 and X2 is more preferably 15nm-35nm, and most 
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preferably 20-30nm. In the wavelength range of pump 
light used for amplifying the signals of the 1 .55um band, 
such a difference in wavelength of 10nm-40nm, corre- 
sponds to the difference in wavenumber of about 
42-166cm-i. 

[0060] Since the best parameter settings for the silica 
fiber 11 are similar to those for the dispersion compen- 
sating fiber(DCF) used in high-speed(for example, 
10Gbit/s) optical communication systems, DCF can be 
employed as the silica fiber 11 in the present embodi- 
ment. DCF is a fiber that has the opposite dispersion of 
the fiber being used in a transmission system and com- 
pensate the distortion of light pulses caused by the dis- 
persion of refractivity dependent on wavelength. Typical 
DCF for use in transmission lines using the 1 .3u.m zero- 
dispersion fiber and the typical silica fiber for use in the 
Raman amplifier have almost the same compositions 
and numerical apertures. Since the typical tellurite fiber 
presents a negative dispersion in the 1 .5um band, it can 
be employed as DCF as is the case with the silica fiber. 
[0061 J It is preferable in this embodiment to place the 
tellurite fiber 1 in the upstream stage of the signal light, 
because this configuration provides lower noise figure. 
This is explained by that the Raman gain band of the 
silica fiber is narrower than that of the tellurite fiber. For 
example, when A.1 =1 460nm, the Raman gain of the tel- 
lurite fiber have an appropriate value in the 
1460-1 620nm range. In this case, the wavelength of the 
pump light for the silica fiber, A2, is required to be set at 
around 1475nm. Meanwhile, the region where the Ra- 
man gain can be obtained by the silica fiber is limited to 
wavelengths of A2+1 30nm or shorter(that is, 1 605nm or 
shorter). If the silica fiber is located in an upstream 
stage, the noise figure degrades (i.e. noise increases) 
in the longer than A2+130nm wavelength region(longer 
than 1 605nm) because of a power loss in the silica fiber. 
Thus the tellurite fiber should be located in the upstream 
stage. 

[0062] In order to extend the flat gain band based on 
the above wavelength settings for pump light, it is nec- 
essary to control the magnitude of the gain coefficient 
provided by each pump light. The gain coefficient can 
be controlled by property setting the output powers of 
light sources LDM-1 and LDM-2 and the lengths of the 
silica fiber and tellurite fiber. 

[Example 4] 

[0063] In the Raman amplifier shown in FIG.6, the 
wavelength of the first pump light emitted from LDM-1 
was set at 1 450nm and its power at 300mW. The wave- 
* length of the second pump light emitted from LDM-2 was 
set at 1475nm and its power at 300m W. The tellurite fib- 
er 1 and the silica fiber 11 were 200m and 5km long, 
respectively. 

[0064] The Raman amplifier of this example provided 
a flat gain spectrum(flat gain bandwidth of 80nm) over 
the about 155f>1 630nm wavelength region. 



The fourth Embodiment 

[0065] The fourth embodiment of the present inven- 
tion is a tellurite Raman amplifier shown in FIG. 7 that 

5 has a tellurite fiber, a silica fiber, first and second laser 
sources for pump light of different wavelengths and a 
coupler that combines the pump light beams emitted 
from the first and second laser sources. 
[0066] Referring now to FIG.7, a tellurite fiber 1 , silica 

10 fiber 11 and coupler 2 are connected in series. The 
pump light(X1 ) emitted from the first laser source 5a and 
the pump light(X2) emitted from the second laser source 
5b are combined in the coupler 4 and then sent to the 
silica fiber 11 and tellurite fiber 1 in this order via the 

15 coupler 2. The signal light is introduced from the side of 
the tellurite fiber(namely, the tellurite fiber is located in 
the upstream stage of the signal light). 
[0067] These tellurite fiber and the silica fiber are the 
same as those employed in the third embodiment. 

20 [0068] Two pump light beams of different wave- 
lengths emitted from the first and second laser sources 
5a and 5b first pump the silica fiber 1 1 and then the light 
that was not used in the pumping of the silica fiber goes 
out of the silica fiber 11. Subsequently, the two pump 

25 light beams coming out of the silica fiber pump the tel- 
lurite fiber 1 . 

[0069] In this embodiment, the first bottom of the gain 
coefficient spectrum of the tellurite fiber provided by the 
pump light(A.1 ) emitted from the first laser source is com- 

30 pensated by overlapping it on the peak of the gain co- 
efficient spectrum of the silica fiber provided by the 
pump light(X2). This compensation is attained by setting 
the difference between A.1 and 12 at A2-A.1=25±15nm, 
namely, 10nm<A2-X1<40nm. The difference between 

35 XI and A2 is more preferably 15nm-35nm, and most 
preferably 20-30nm. In the wavelength region of pump 
light used for amplifying the signals of the 1 .55um band, 
the difference in wavenumber corresponding to such a 
difference in wavelength, 10nm-40nm, is about 

40 42-1 66cm- 1 . 

[0070] It is noted that the gain coefficient spectrum of 
the whole Raman amplifier according to this embodi- 
ment is slightly different from that of the Raman amplifier 
according to the third embodiment using the pump light 

45 beams of the same wavelengths A.1 and A2, because it 
includes the gain coefficient spectrum of the silica fiber 
pumped with the light of wavelength A.1 and that of the 
tellurite fiber pumped with the pump light of wavelength 
X1 attenuated in the silica fiber and with the pump light 

50 of wavelength A2. 

[0071] In the Raman amplifier according to this em- 
bodiment, it is preferable that the tellurite fiber 1 is lo- 
cated in the upstream stage of the signal light. However, 
the silica fiber 11 may be located in the upstream stage, 

55 exchanging the locations of the silica fiber 11 and the 
tellurite fiber 1. 
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[Example 5] 

[0072] in the Raman amplifier shown in FIG.7, the 
wavelength of the first pump light emitted from LDM-1 
was set at 1 450nm and its power at 300mW. The wave- 
length of the second pump light emitted from LDM-2 was 
set at 1 475nm and its power at 300mW. The tellurite fib- 
er 1 and the silica fiber 11 were 200m and 5km long, 
respectively. 

[0073] The Raman amplifier of this example provided 
a flat gain spectrum (flat gain bandwidth of 80nm) over 
the about 1 550-1 630 nm wavelength region. 

The fifth Embodiment 

[0074] The fifth embodiment of the present invention 
is a tellurite Raman amplifier shown in FIG.8 that has a 
tellurite fiber, a silica fiber, first and second laser sources 
for pump light of different wavelengths and a reflector 
installed between the tellurite fiber and the silica fiber to 
reflect either of the two pump beams emitted from the 
first and second laser sources. 
[0075] Referring now to FIG.8, a tellurite fiber 1 , re- 
flector 12, silica fiber 1 1 and coupler 2 are connected in 
series. The pump light(X1) emitted from the first laser 
source 5a and the pump light(X2) emitted from the sec- 
ond laser source 5b are combined in the coupler 4 and 
introduced into the silica fiber 11 via the coupler 2. The 
signal light is introduced from the side of the tellurite fib- 
er(namely, the tellurite fiber is located in the upstream 
stage of the signal light). 

[0076] The reflector 12 that selectively reflects only 
the pump light of wavelength A2 can be a fiber grating. 
[0077] In this embodiment, both pump light beams of 
wavelengths A.1 and X2 introduced from, the coupler 2 
into the silica fiber 1 1 pump the silica fiber and then go 
out of the silica fiber. Only the pump light of wavelength 
A2 is reflected by the reflector 12 and again enters the 
silica fiber 11 for pumping. Meanwhile, the pump light of 
wavelength A.1 passes the reflector 12 and enters the 
tellurite fiber 1 for pumping. 

[0078] In this embodiment, as is the case with the 
fourth embodiment, the first bottom of the gain coeffi- 
cient spectrum of the tellurite fiber provided by the pump 
light(X1) emitted from the first laser source is compen- 
sated by overlapping it on the peak of the gain coefficient 
spectrum of the silica fiber provided by the pump light 
(A2). This compensation is attained by setting the differ- 
ence between A.1 and A2 at X2-X1=25±15nm, namely, 
10nm<A2-A,1<40nm. The difference between X1 and A2 
is more preferably 15nm-35nm, and most preferably 
20-30nm. In the wavelength range of pump light used 
for amplifying the signals of the 1 .55um band, the differ- 
ence in wavenumber corresponding to such a difference 
in wavelength, 10nm-40nm, is about 42-1 66cm* 1 . 
[0079] Note that the gain coefficient spectrum of the 
whole Raman amplifier according to this embodiment is 
slightly different from that of the Raman amplifier ac- 



cording to the third and fourth embodiments using the 
pump light beams of the same wavelengths A.1 and A2, 
because it includes the gain coefficient spectrum of the 
silica fiber pumped with the light of wavelength A.1 and 

5 that of the tellurite fiber pumped with the light of wave- 
length X1 attenuated in the silica fiber. 
[0080] In the present embodiment, it is preferable that 
the tellurite fiber 1 is located in the upstream stage of 
the signal light because of the reason described in the 

io third embodiment. However, the same result is provided 
even if the system is configured so that the locations of 
the silica fiber 11 and the tellurite fiber 1 are exchanged, 
and the center wavelength of the ref lector(f iber grating) 
is set at A.1 , thereby the silica fiber being located in the 

is upstream stage, and the pump light of wavelength A.1 
pumping only the tellurite fiber 1 . 

[Example 6] 

20 [0081] In the Raman amplifier shown in FIG.8, the 
wavelength A.1 of the first pump light emitted from LDM- 

1 was set at 1450nm and its power at 300mW. The 
wavelength A2 of the second pump light emitted from 
LDM-2 was set at 1 475nm and its power at 200mW. The 

25 tellurite fiber 1 and the silica fiber 11 were 200m and 
5km long, respectively. 

[0082] The Raman amplifier of this example provided 
a flat gain spectrum(flat gain bandwidth of 80nm) over 
the about 1 550-1 630nm wavelength region. Besides, in 

30 this embodiment, the power of the pump light of wave- 
length A2 can be lowered than that in the fifth embodi- 
ment. This is because in the present configuration the 
reflector 12 has been installed so that the pump light of 
wavelength A2 pumps only the silica fiber 11 due to the 

35 reflection by the reflector 1 2. 

The sixth Embodiment 

[0083] The sixth embodiment of the present invention 
40 is an optical fiber amplifier shown in FIG.9 that has a 
plurality of tellurite fibers, a plurality of silica fibers, two 
laser sources of different wavelengths and a coupler 
combining the pump beams emitted from these laser 
sources. Those tellurite fibers and the silica fibers are 
^5 located alternately. 

[0084] In FIG.9, the tellurite fibers 1a, 1b and silica 
fibers 11a, 11b are alternately located; and the coupler 

2 is installed in the downstream stage of the signal light 
for those fibers. The pump light(A,1) emitted from the first 

so laser source 5a and the pump light(A2) emitted from the 
second laser source 5b are combined in the coupler 4, 
and then introduced into the alternately located fibers 
via the coupler 2. 

[0085] The requirements that wavelengths A.1 andA2 
55 should meet are the same as those described in the 
fourth embodiment. The difference between A.1 and A2 
should be set at X2-A.1 =25±15nm, namely, 
10nm<A2-Xt<40nm. The difference A2-X1 between A.1 
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and A2 is more preferably 15nm-35nm, and most pref- 
erably 20nm-30nm. In the wavelength range of pump 
light used for amplifying the signals of the 1 .55um band, 
the difference In wavenumber corresponding to such a 
difference in wavelength, 10nm-40nm, is about 
42-166crrr 1 . 

[0086] Although FIG.9 shows an example where two 
tellurite fibers and two silica fibers are alternately locat- 
ed, they may be more than two, as far as they are alter- 
nately located. 

[0087] Since this embodiment uses a plurality of short 
fibers, the noise figure can be reduced. If the gain coef- 
ficient in the first bottom or the second bottom of the gain 
spectrum of the tellurite fiber is small, the noise figure 
will rise because of the power loss in the tellurite fiber. 
The extent of this rise in noise figure is proportional to 
the length of the fiber, eventually, to the loss in fiber in 
dB values. That is, the noise figure of the short fibers 
used in this embodiment is lower than that of longer fib- 
ers. The signal in the first or second bottom of the tel- 
lurite fiber is pumped in the silica fiber installed in the 
following stage, and then signals of less noise can be 
provided. 

[0088] In this embodiment, the tellurite fiber 1 a is lo- 
cated in the most upstream stage in the direction the 
signal light travels. Nevertheless, since the increase in 
noise in each fiber Is small in this embodiment, the same 
effects can be obtained even under the configuration in 
which the silica fiber 11a is installed in the most up- 
stream stage. 

[Example 7] 

[0089] In the Raman amplifier shown in FIG.9, the 
wavelength of the pump light emitted from LDM-1 was 
set at 1 450nm and its power at 300mW. The wavelength 
of the pump light emitted from LDM-2 was set at 1 475nm 
and its power at 300mW. The tellurite fibers 1 a, 1 b were 
100m long; and the silica fibers 11a, 11b were 2.5km 
long. 

[0090] The Raman amplifier of this example provided 
a flat gain spectrum (flat gain bandwidth of 1 60nm) over 
the about 1 460-1 620nm wavelength region. In addition, 
while the noise figure in the spectrum of the fifth embod- 
iment was 8dB at the maximum, it was 6dB at the max- 
imum in this embodiment. 

The seventh Embodiment 

[0091 ] The seventh embodiment of the present inven- 
tion is a tellurite Raman amplifier shown in FIG.10 that 
has the first, second and third laser sources for pump 
light beams of different wavelengths, a tellurite fiber 
pumped with the pump light beam emitted from the first 
laser source and a silica fiber pumped with the pump 
light beams emitted from the second and third laser 
sources. 

[0092] Referring now to FIG.10, a tellurite fiber 1, a 



coupler 2a, a silica fiber 11 and a coupler 2b are con- 
nected in series. The signal light comes in the tellurite 
fiber 1 from the left side. The first pump light (X1 ) emitted 
from the first laser source 5a enters the tellurite fiber 1 

5 via the coupler 2a. The second and third pump light (A2 
and X3) emitted from the second and third laser sources 
5b and 5c are combined in the coupler 4 and then intro- 
duced into the silica fiber 11 via the coupler 2b. 
[0093] In this embodiment, A2 is controlled so that the 

10 peak in the gain spectrum of the silica Raman amplifier 
pumped with the light of wavelength A2 is located at the 
first bottom B1 of the gain spectrum of the tellurite Ra- 
man amplifier shown in FIG.2. On the other hand, A3 is 
controlled so that the peak in the gain spectrum of the 

15 silica Raman amplifier pumped with the light of wave- 
length A3 is located at the second bottom B2 of the gain 
spectrum of the tellurite Raman amplifier shown in FIG. 
2. As a result of such settings, a flat gain spectrum is 
obtained over a wide wavelength region, since both of 

20 the first and second bottoms in the gain spectrum of the 
tellurite Raman amplifier are compensated by the two 
peaks in the gain spectrum of the silica Raman amplifier. 
[0094] This compensation is attained by setting the 
difference between A/I and A2 at A2-A,1=25±15nm, 

25 namely, 10nm<A2-X1<40nm. This difference corre- 
sponds to a difference of 42-1 66cm -1 in wavenumber 
between the first pump light and the second pump light 
in the wavelength band of interest in this embodiment. 
Besides, the difference between A.1 and A3 is set at 

30 A.1 -A3=40±30nm, namely, 1 0nm<X1 -A3<70nm . This dif- 
ference corresponds to a difference of 42-1 66cm -1 in 
wavenumber between the first pump light and the third 
pump light in the wavelength band of interest in this em- 
bodiment. 

35 [0095] In the present embodiment, it is preferable that 
the tellurite fiber is located in the upstream stage of the 
signal light because of the reason described in the fourth 
embodiment. However, it is also possible to install the 
silica fiber in the upstream stage. 

40 

[Example 8] 

[0096] In the Raman amplifier shown in FIG.10, the 
wavelength of the first pump light emitted from LDM-1 
45 was set at 1 450nm and its power at 300mW. The wave- 
length of the second pump light emitted from LDM-2 was 
set at 1 475nm and its power at 1 50m W. The wavelen gth 
of the third pump light emitted from LDM-3 was set at 
1410nm and its power at 150mW. The tellurite fiber 1 
so and the silica fiber 11 were 200m and 5km long, respec- 
tively. FIG.11B demonstrates the gain spectrum of the 
Raman amplifier according to the present embodiment. 
[0097] The Raman amplifier of this example provided 
a flat gain spectrum(ftat gain bandwidth of 1 30nm) over 
55 the about 1 500-1 630nm wavelength range. 
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The eighth Embodiment 

[0098] The eighth embodiment of the present inven- 
tion is a tellurite Raman amplifier shown in FIG.12 that 
has first, second and third laser sources for pump light 5 
beams of different wavelengths, a tellurite fiber pumped 
with the pump light beams emitted from the first and sec- 
ond laser sources and a silica fiber pumped with the 
pump light beam emitted from the third laser source. 
[0099] Referring now to FIG.12, a tellurite fiber 1, a 
coupler 2a, a silica fiber 11 and a coupler 2b are con- 
nected in series. The signal light comes in the tellurite 
fiber 1 from the left side. The first and second pump light 
beams (A.1 and A2) emitted from the first and second 
laser sources 5a, 5b are combined in the coupler 4 and 
then introduced into the tellurite fiber 1 via the coupler 
2a. The third pump light beam (A3) emitted from the third 
laser source 5c enters the silica fiber 1 1 via the coupler 
2b. 

[01 00] In this embodiment, A2 is controlled so that the 
first peak P1 in the gain spectrum of the tellurite Raman 
amplifier pumped with the light of wavelength X2 is lo- 
cated at the first bottom B1 of the gain spectrum of the 
tellurite Raman amplifier pumped with the light of wave- 
length X1 . Through this setting, the second peak P2 in 
the gain spectrum of the tellurite Raman amplifier 
pumped with the light of wavelength A2 is located in the 
second bottom B2 in the gain spectrum of the tellurite 
Raman amplifier pumped with the light of wavelength 
A.1 . On the other hand, A3 is controlled so that the peak 
in the gain spectrum of the silica Raman amplifier 
pumped with the light of wavelength A3 is located at the 
first bottom B1 of the gain spectrum of the tellurite Ra- 
man amplifier pumped with the light of wavelength A.1 . 
Namely, in this embodiment, the first bottom B1 in the 
gain spectrum provided by the pump light of wavelength 
A.1 is compensated by the peak in the gain spectrum pro- 
vided by the pump beams of wavelengths A2 and A3, 
while the second bottom B2 in the gain spectrum pro- 
vided by the pump light of wavelength A.1 is compensat- 
ed by the second peak P2 in the gain spectrum provided 
by the pump beam of wavelength A2. As a result of such 
settings, a flat gain spectrum is obtained over a wide 
wavelength range. However, in general, the flatness of 
the spectrum is inferior to that provided by the seventh 
embodiment. Thus it is preferable to install a gain equal- 
izer between the tellurite fiber 1 and the silica fiber 11 , 
preferably, between the coupler 2a and the silica fiber 
11 , for higher flatness. 

[0101] This compensation is attained by setting the 
difference between A.1 and A2 at A2-X1=40±30nm, 
namely, 10nm<A2-A.1<70nm. This difference corre- 
sponds to a difference of 42-29Qcm _1 in waven umber 
between the first pump light and the second pump light 
in the wavelength band of interest in this embodiment. 
Besides, the difference between A.1 and A3 is set at 
A.1 -A3=25±1 5nm, namely, 1 0nm<X1 -A3<40nm. This dif- 
ference corresponds to a difference of 42-1 66cm" 1 in 



wavenumber between the first pump light and the third 
pump light in the wavelength band of interest in this em- 
bodiment. 

[0102] In the configuration of this embodiment, the 
depth of the first bottom(gap between the gain coeffi- 
cients at the first peak and the first bottom) in the spec- 
trum of the tellurite fiber installed in the upstream of the 
signal light is smaller than that seen in the seventh em- 
bodiment where the tellurite fiber is pumped with light of 
a single wavelength. Therefore, it is possible to raise the 
minimum gain of the tellurite fiber around the first bot- 
tom. As a result, the noise figure is reduced and the sig- 
nal output is raised. 

[0103] The above effect is specifically explained be- 
low. FIG.13 is a diagram illustrating the gain spectrum 
(solid line, on-off gain) provided by a single-wavelength 
pumping using pump light of wavelength A.1 and the gain 
spectrum(dotted line, on-off gain) provided by two- 
wavelength pumping using pump light beams of wave- 
lengths X1 and A2. The insertion loss caused by the tel- 
lurite fiber and optical components such as adjacent 
couplers is about 6dB. Thus in the case of the single- 
wavelength pumping, the net Raman gain at the first bot- 
tom B1 is about -0.5dB. Meanwhile, in the case of the 
two-wavelength pumping, the net Raman gain is about 
4dB in the same region, considerably larger than that 
provided by the single-wavelength pumping. 
[0104] When the tellurite fiber pumped with the two- 
wavelength pumping is used along with the silica fiber 
pumped with the single-wavelength pumping, it is nec- 
essary to control the ratio between the gain coefficient 
(unit: dB) at the first peak in the gain spectrum of the 
tellurite fiber pumped with the two-wavelength pumping 
and the gain coefficient(unit: dB) at the second peak. As 
shown in FIG.2, the ratio, gain coefficient at the first peak 
P1 : gain coefficient at the second peak P2, is 100:70 
during the single-wavelength pumping. When imple- 
menting the two-wavelength pumping, the ratio between 
the gain coefficient at the first peak P1 and that at the 
second peak P2 should lie between 100:80 and 100: 
100. Under such settings, a good matching is provided 
for the gain spectra for the tellurite fiber and the silica 
fiber, presenting a gain spectrum flatter than those re- 
sulting from the other settings for the above ratio. 
[0105] Considering the asymmetric spectrum of the 
gain coefficient for the silica fiber, the gain coefficient at 
the second peak should be lower than that at the first 
peak. As shown in FIG.1B, the gain coefficient of the 
silica fiber falls more slowly at shorter wavelengths of 
the peak than at longer wavelengths. When the gain 
peak for the silica fiber overlaps the first bottom for the 
tellurite fiber, the gain spectrum at the second peak P2 
of the tellurite fiber is compensated by overlap of the 
slowfy declining gain spectrum of the silica fiber. On the 
other hand, the gain spectrum at the first peak of the 
tellurite fiber is not compensated by the gain spectrum 
of the silica fiber almost at all. Thus a flat gain spectrum 
as a whole can be provided for the amplifier system by 
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reducing the second peak in the gain spectrum of the 
tellurite fiber in advance. 

[Example 9] 

[0106] In the Raman amplifier shown in FIG. 12, the 
wavelength of the first pump light emitted from LDM-1 
was set at 1 450nm and its power at 200mW. The wave- 
length of the second pump light emitted from LDM-2 was 
set at 1 41 Onm and its power at 200mW. The wavelength 
of the third pump light emitted from LDM-3 was set at 
1475nm and its power at 200m W. The tellurite fiber 1 
and the silica fiber 1 1 were 200m and 5km long, respec- 
tively. 

[01 07] The Raman amplifier of this example provided 
a flat gain spectrum(flat gain bandwidth of 80nm) over 
the about 1550nm-1630nm wavelength region. 

The ninth Embodiment 

[01 08] The ninth embodiment of the present invention 
is a tellurite Raman amplifier shown in FIG. 14 that has 
first, second, third and fourth laser sources for pump 
light beams of different wavelengths, a tellurite fiber 
pumped with the pump light beams emitted from the first 
and second laser sources and a silica fiber pumped with 
the pump light beams emitted from the third and fourth 
laser sources. 

[0109] Referring now to FIG.14, a tellurite fiber 1 , a 
coupler 2a, a gain equalizer 15, a silica fiber 11 and a 
coupler 2b are connected in series. The signal light is 
introduced into the tellurite fiber 1 from the left side. The 
first and second pump light beams emitted from the first 
and second laser sources 5a, 5b are combined in the 
coupler 4a and then enter the tellurite fiber 1 via the cou- 
pler 2a. Hie third and fourth pump light beams emitted 
from the third and fourth laser sources 5c, 5d are com- 
bined in the coupler 4b and then enter the tellurite fiber 
1 via the coupler 2b. 

[0110] In this embodiment, A2 is controlled as de- 
scribed in the eighth embodiment so as to compensate 
the first bottom B1 of the gain spectrum of the tellurite 
Raman amplifier pumped with the light of wavelength 
X^ . On the other hand, A3 is controlled so that the peak 
in the gain spectrum of the silica Raman amplifier 
pumped with the light of wavelength X3 compensates 
the first bottom B1 of the gain spectrum of the tellurite 
Raman amplifier pumped with the light of wavelength 
A.1 . Further, A.4 is controlled so that the peak in the gain 
spectrum of the silica Raman amplifier pumped with the 
light of wavelength X4 is located at the second bottom 
B2 of the gain spectrum of the tellurite Raman amplifier 
pumped with the light of wavelength VI . As a result of 
such settings, a flat gain spectrum is obtained over a 
wide wavelength range because both gain coefficients 
at the first and second bottoms B1 and B2 provided by 
the pump light of wavelength X1 are compensated. How- 
ever, in general, the flatness of this spectrum is inferior 



to that provided by the seventh embodiment. Thus it is 
preferable to install a gain equalizer 15 between the tel- 
lurite fiber and the silica fiber for higher flatness of the 
gain spectrum. 

5 [0111] Also in the configuration of this embodiment, 
since the tellurite fiber is pumped with the pump light 
beams of two wavelengths, the minimum gain at the first 
bottom B1 in the spectrum of the tellurite fiber installed 
in the upstream stage of the signal light can be raised. 

10 As a. result, the noise figure is reduced and the signai 
output is raised. The conditions of the gain coefficient 
ratio for providing such effects are the same as those 
described in the eighth embodiment. 
[01 1 2] The above compensation is attained by setting 

15 the difference between X1 and X2 at A/I-A2=50±20nm, 
namely, 30nm<X1 -A2<70nm. This difference corre- 
sponds to a difference of 84-290cnr 1 in wavenumber 
between the first pump light and the second pump light. 
Besides, the difference between X1 and A3 is set at 

20 X3-A.1=25±15nm, namely, 1 0nm<A3-A.1 <40nm . This dif- 
ference corresponds to a difference of 42-1 66crrr 1 in 
wavenumber between the first pump light and the third 
pump light. In addition, the difference between XI and 
A4 is set at A.1-A4=40±30nm, namely, 

25 l0nm<X1-A4<70nm. This difference corresponds to a 
difference of 42-290cnr 1 in wavenumber between the 
first pump light and the fourth pump light. 

[Example 1 0] 

30 

[0113] In the Raman amplifier shown in FIG.14, the 
wavelength of the first pump light emitted from LDM-1 
was set at 1 450nm and its power at 200mW. The wave- 
length of the second pump light emitted from LDM-2 was 

35 set at 1 41 Onm and its power at 200m W. The wavelength 
of the third pump light emitted from LDM-3 was set at 
1475nm and its power at 150mW. The wavelength of 
the fourth pump light emitted from LDM-4 was set at 
1400nm and its power at 150mW. The tellurite fiber 1 

40 and the silica fiber 1 1 were 200m and 5km long, respec- 
tively. 

[0114] The Raman amplifier of this example provided 
aflat gain spectrum(flat gain bandwidth of 130nm) over 
the about 1500nm-1630nm wavelength range. 

45 

The tenth Embodiment 

[01 1 5] The tenth embodiment of the present invention 
is a tellurite Raman amplifier shown in FIG. 15 that has 

so first to sixth laser sources for pump light beams of dif- 
ferent wavelengths, a first tellurite fiber pumped with the 
pump light beams emitted from the first and second la- 
ser sources, a silica fiber pumped with the pump light 
beams emitted from the third and fourth laser sources, 

55 and a second tellurite fiber pumped with the pump light 
beams emitted from the fifth and sixth laser sources. 
[0116] Referring now to FIG.15, the first tellurite fiber 
1a, a coupler 2a, a gain equalizer 15a, a silica fiber 11, 
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a coupler 2b, a gain equalizer 15b, the second tellurite 
fiber 1 b, and a coupler 2c are connected in series. Signal 
light is introduced into the first tellurite fiber 1 a from the 
left side. The first and second pump light beams(X1 , X2) 
emitted from the first and second laser sources 5a, 5b 
are combined in the coupler 4a and then enter the first 
tellurite fiber 1a via the coupler 2a: The third and fourth 
pump light beams (X3, X4) emitted from the third and 
fourth laser sources 5c, 5d are combined in the coupler 
4b and then enter the silica fiber 11 via the coupler 2b. 
The fifth and sixth pump light beams emitted from the 
fifth and sixth laser sources 5e, 5f are combined in the 
coupler 4c and then enter the second tellurite fiber 1b 
via the coupler 2c. 

[01 17] This embodiment is a configuration capable of 
further improving the amplifier output level than the ninth 
embodiment. In the Raman amplifier of the ninth em- 
bodiment using the tellurite fiber shown in FIG.14 in- 
stalled in the former stage, the amplifier output level be- 
comes low at wavelengths other than the flat gain wave- 
length range of the silica fiber, because the flat gain 
wavelength range of the silica fiber is narrower than that 
of the tellurite fiber. In contrast, in the Raman amplifier 
having the silica fiber in the former stage opposite to the 
configuration of FIG.14, the noise figure becomes high 
at wavelengths range other than the flat gain wave- 
length range of the silica fiber. The amplifier according 
to the present embodiment overcomes the above draw- 
backs by using the second tellurite fiber 1b. Namely, 
since the second tellurite fiber 1b located in the output 
stage downstream of the silica fiber 11 has a wider 
wavelength range of flat gain, it becomes possible to 
prevent a decrease of amplifier output level at wave- 
lengths other than the flat gain wavelength region of the 
silica fiber. 

[01 18] Further, since the more wideband tellurite fiber 
is employed in the input stage as well, the noise figure 
can be reduced. Also in the configuration according to 
the present embodiment, since the first tellurite fiber 1 a 
is pumped with the pump light of two wavelengths, the 
noise figure is lowered and the output lavel of signal light 
is raised at the first bottom B1 in the gain spectrum of 
the tellurite fiber, as is the case with the eighth embod- 
iment. The conditions of the gain coefficient ratio for pro- 
viding such effects are the same as those described in 
the eighth embodiment. 

[0119] The conditions that X1.X2.X3 and X4 must 
meet are the same as those for the ninth embodiment. 
The settings for X5 and X6 are the same as those for X1 
and A2. Namely, X6 is controlled so that the first peak in 
the gain spectrum of the tellurite Raman amplifier 
pumped with the light of wavelength X6 is located at the 
first bottom B1 of the gain spectrum of the tellurite Ra- 
man amplifier pumped with the light of wavelength X5. 
The difference between X5 and X6 in this setting be- 
comes X5-X6=40±30nm, namely, 1 0nm<X5-X6<70nm. 
This difference corresponds to a difference of 
125-290crrr 1 in wavenumber between the fifth pump 



light and the sixth pump light. Although X5 and X6 can 
be controlled independently of X1 and A2, the settlings 
for X5 and X6 is preferably the same as those for X1 and 
X2. 

5 [0120] In the configuration shown in FIG.15, the laser 
sources 5e and 5f for the second tellurite fiber are pro- 
vided separately from the laser sources 5a and 5b for 
the first tellurite fiber. However, as shown in FIG.5, the 
complex pump light obtained by coupling the pump light 

10 beams emitted from the laser sources 5a and 5b may 
be divided and then supplied to both of the first and sec- 
ond tellurite fibers. 

[Example 11] 

15 

[0121] In the Raman amplifier shown in FIG.15, the 
wavelength of the first pump light emitted from LDM-1 
was set at 1450nm and its power at 200mW. The wave- 
length of the second pump light emitted from LDM-2 was 

20 set at 1 41 Onm and its power at 200m W. The wavelength 
of the third pump light emitted from LDM-3 was set at 
1475nm and its power at 150mW. The wavelength of 
the fourth pump light emitted from LDM-4 was set at 
1400nm and its power at 150mW. The wavelength of 

25 the fifth pump light emitted from LDM-5 was set at 
1450nm and its power at 200mW. The wavelength of 
the sixth pump light emitted from LDM-6 was set at 
1 41 Onm and its power at 200mW. The first tellurite fiber 
1a. the silica fiber 11 , and the second tellurite fiber 1b 

30 were 200m, 5km and 200m long, respectively. 

[01 22] The Raman amplifier of this example provided 
a flat gain spectrum(flat gain bandwidth of 1 30nm) over 
the about 1 500nm-1 630nm wavelength region. The out- 
put level of the Raman amplifier according to the present 

35 embodiment was 20dBm, greater than 18dBm provided 
by the amplifier of Example 1 0. 

The eleventh Embodiment 

40 [0123] The eleventh embodiment of the present in- 
vention is a tellurite Raman amplifier shown in FIG. 16 
that has first and second laser sources for pump light of 
different wavelengths, a tellurite fiber pumped with the 
first pump light emitted from the first laser source and 

45 an Erbium-doped fiber pumped with the second pump 
light emitted from the second laser source. 
[0124] Referring now to FIG.1 6, the tellurite fiber 1 , a 
coupler 2, another coupler 6 and the Erbium-doped fiber 
21 are connected in series. The signal light is introduced 

so into the tellurite fiber 1 from the left side(namely, the tel- 
lurite fiber 1 is located in the upstream stage in the inci- 
dent direction of signal light). The first pump light(X1) 
emitted from the first laser source 5a enters the tellurite 
fiber 1 via the coupler 2. Meanwhile, the second pump 

55 light(X2) emitted from the second laser source 5b enters 
the Erbium-doped fiber 21 via the coupler 6. 
[0125] In this embodiment, X1 is controlled so that the 
peak in the gain spectrum of the Erbium(Er)-doped fiber 
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compensates the first bottom B1 in the gain spectrum 
of the tellurite Raman amplifier pumped with the light of 
wavelength X1 . A flat spectrum is obtained over a wide 
wavelength range by compensating the gain coefficient 
at the first bottom B1 in the gain spectrum provided by 
the pump light of wavelength X1 . 
[01 26] Available Er-doped fibers include Er-doped tel- 
lurite fibers, Er-doped fluoride fibers and Er-doped silica 
fibers. Typically, the gain spectrum of the Er-doped fiber 
has a peak at around 1 530-1 570nm. The wavelength X2 
used in the pump laser for the Er-doped fiber is 
1 450-1 500nm; preferably, X2 is 1480nm. Although the 
Er-doped fiber takes the configuration for forward pump- 
ing in FIG.1 6, it may take the configuration for backward 
pumping. 

[0127] Since the Er-doped fiber has a narrow peak in 
its gain spectrum, the tellurite fiber 1 having a wider 
range of flat gain should be installed in the upstream 
stage of the incident direction of signal light. 
[01 28] On the other hand, since the wavelength X1 is 
controlled so that the peak in the gain spectrum of Er- 
bium(Er)-doped fiber compensates the first bottom B1 
in the gain spectrum of the tellurite Raman amplifier 
pumped with the light of wavelength X1, X1 is 
1 400-1 450nm and preferably 1430nm. 

[Example 12] 

[0129] In the Raman amplifier shown in FIG.1 6, the 
wavelength of the first pump light emitted from LDM-1 
was set at 1 430nm and its power at 200mW. The wave- 
length of the second pump light emitted from LDM-2 was 
set at 1 480 nm and its power at 200m W. The tellurite fib- 
er 1 and the Er-doped fiber 21 were 200m and 5m long, 
respectively. The concentration of doped Erbium was 
2000ppm by weight. 

[01 30] The Raman amplifier of this example provided 
a flat gain spectrum(flat gain bandwidth of 80nm) over 
the about 1 520-1 600nm wavelength region. 

The twelfth Embodiment 

[0131] The twelfth embodiment of the present inven- 
tion is a tellurite Raman amplifier shown in FIG. 17 that 
has a tellurite fiber, a first laser source for pumping the 
tellurite fiber, a wavelength-selective splitter for dividing 
signal light amplified in the tellurite fiber selectively ac- 
cording to wavelength, a Thulium(Tm)-doped fiber 
where one branch of divided signal light enters, a sec- 
ond laser source for pumping the Tm-doped fiber, and 
a coupler that combines the signal light amplified in the 
Tm-doped fiber and the other branch of signal light di- 
vided with the splitter. 

[0132] Referring now to FIG.1 7, a tellurite fiber 1, a 
coupler 2a and a wavelength-selective splitter 14 are 
connected in series. The signal light comes in the tellur- 
ite fiber 1 from the left side(namely, the tellurite fiber 1 
is located in the upstream stage in the incident direction 



of signal light). The first pump light(X1 ) emitted from the 
first laser source 5a enters the tellurite fiber 1 via the 
coupler 2a. Signal light is split by the wavelength-selec- 
tive splitter 14 into the signal branch of the first wave- 

s length region and the other of the second wavelength 
region. The signal branch of the first wavelength region 
passes through the coupler 2b, amplified in the Tm- 
doped fiber 31 , and reaches the coupler 4. On the other 
hand, the signal branch of the second wavelength re- 

10 gion directly reaches the coupler 4. Tne second pump 
light(X2) emitted from the second laser source 5b enters 
the Thulium-doped fiber 31 via the coupler 2b. The first 
and second signal branches are joined in the coupler 4 
to be the output light of the amplifier. 

15 [01 33] In this embodiment, X1 is controlled so that the 
peak in the gain spectrum of the Thul ium (Tm)-doped fib- 
er compensates the second bottom B2 in the gain spec- 
trum of the tellurite Raman amplifier pumped with the 
light of wavelength X1 . A flat spectrum is obtained over 

20 a wide wavelength range by compensating the gain co- 
efficient at the second bottom B2 in the gain spectrum 
provided by the pump light of wavelength VI . 
[0134] Available Tm-doped fibers include Tm-doped 
tellurite fibers, Tm-doped fluoride fibers and Tm-doped 

25 silica fibers. The wavelength X2 of the second pump light 
for the Tm-doped fiber is 1 400nm. The gain wavelength 
region of the Tm-doped fiber is about 1460-1 51 Onm, 
while in the wavelength longer than 151 Onm there oc- 
curs a loss due to the ground state absorption. Although 

30 the Tm-doped fiber 31 takes the configuration for for- 
ward pumping in FIG.1 7, it may take the configuration 
for backward pumping. 

[0135] In order to avoid the fiber loss caused by the 
Tm-doped fiber, the signal light is split with the wave- 

35 length-selective splitter 16 into the first wavelength 
(about 1460-1 51 Onm) branch and the second wave- 
length(about 1515-1 620nm) branch. Then only the first 
wavelength signal branch is pumped in the Tm-doped 
fiber 31 and guided to the coupler 4. Meanwhile, the 

40 splitter 1 6 and the coupler 4 are connected with an op- 
tical fiber having a negligible loss in the propagation path 
of the second wavelength signal branch. In this case, 
the 1 51 0-1 51 5nm region is the dead band for the splitter 
and the coupler. 

45 [0136] The wavelength XI of the pump lightforthe tel- 
lurite fiber 1 is 1310-1480nm, preferably 1450nm, in or- 
der to match the gain region of the Tm-doped fiber with 
the second bottom. 



[0137] In the Raman amplifier shown in FIG.17, the 
wavelength of the first pump light emitted from LDM-1 
was set at 1450nm and its power at 200mW. The wave- 
55 length of the second pump light emitted from LDM-2 was 
set at 1 400nm and its power at 200mW. The tellurite fib- 
er 1 and the Tm-doped fiber 31 were 200m and 5m long, 
respectively. The concentration of doped Thulium was 
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6000ppm by weight. 

[01 38] The Raman amplifier of this example provided 
a flat gain spectrum(flat gain bandwidth of 1 60nm) over 
the about 1 460-1 620nm wavelength region excluding 
the 1510-1515nm dead band. 

The thirteenth Embodiment 

[0139] The thirteenth embodiment of the present in- 
vention is a tellurite Raman amplifier shown in FIG. 18 
that has a tellurite fiber, a first laser source for pumping 
the tellurite fiber, a wavelength-selective splitter for di- 
viding the signal light amplified in the tellurite fiber se- 
lectively according to wavelength, a ThuliumfTm)- 
doped fiber where one branch of the divided signal light 
enters, a second laser source for pumping the Tm- 
doped fiber, a silica fiber where the other branch of sig- 
nal light divided with the splitter enters, a third laser 
source for pumping the silica fiber, and a coupler that 
combines the signal light branch amplified in the Tm- 
doped fiber and the other signal light branch amplified 
in the silica fiber. 

[0140] Referring now to FIG.18, a tellurite fiber 1 , a 
coupler 2a and a wavelength-selective splitter 14 are 
connected in series. Signal light comes in the tellurite 
fiber 1 from the left side(namely, the tellurite fiber 1 is 
located in the upstream stage in the incident direction 
of signal light). The first pump light(X1) emitted from the 
first laser source 5a enters the tellurite fiber 1 via the 
coupler 2a. The signal light is split by the wavelength- 
selective splitter 14 into the signal branch of the first 
wavelength region and the other of the second wave- 
length region. The signal branch of the first wavelength 
region passes through the coupler 2b, amplified in the 
Tm-doped fiber 31 , and reaches the coupler 4. On the 
other hand, the signal branch of the second wavelength 
region is amplified in the silica fiber 11 , passes through 
the coupler 2c and reaches the coupler 4. The second 
pump light(X2) emitted from the second laser source 5b 
enters the Thulium-doped fiber 31 via the coupler 2b. 
The third pump light emitted from the third laser source 
5c enters the silica fiber 11 via the coupler 2c. The first 
and second signal branches are joined in the coupler 4 
to be the output light of the amplifier. In the present em- 
bodiment as well, the 1510-1515nm wavelength region 
is the dead band for the splitter and the coupler. 
[0141] In this embodiment, X1 is controlled so that the 
peak in the gain spectrum of theThulium(Tm)-doped fib- 
er compensates the second bottom B2 in the gain spec- 
trum of the tellurite Raman amplifier pumped with the 
first pump light of wavelength X1 . In the other words, the 
second bottom B2 in the gain spectrum provided by the 
first pump light of wavelength X1 is flattened by the Tm- 
doped fiber 31 . The wavelength X1 of the pump light for 
the tellurite fiber 1 is 1310-1480nm, preferably 1450nm, 
in order to match the gain region of the Tm-doped fiber 
with the second bottom. Although the Tm-doped fiber 
31 takes the configuration for forward pumping in FIG. 



1 8, it may take the configuration for backward pumping. 
[0142] Meanwhile, the wavelength A3 of the third 
pump light from the third laser source is controlled so as 
to compensate the first bottom B1 in the gain spectrum 
s of the tellurite Raman amplifier pumped with the light of 
wavelength X1 . The wavelength A3 should be between 
1380-1550nm, preferably 1480nm. Although the silica 
fiber 11 takes the configuration for backward pumping 
in FIG.18, it may take the configuration for forward 
pumping. 

[01 43] As described above, the first bottom in the gain 
spectrum of the tellurite Raman amplifier pumped with 
the tight of wavelength X1 is compensated with the peak 
in the gain spectrum of the silica fiber, and its second 
bottom is compensated with the peak in the gain spec- 
trum of the Tm-doped fiber. Then a flat spectrum is ob- 
tained over a wide wavelength range. 



[0144] In the Raman amplifier shown in FIG.18, the 
wavelength of the first pump light emitted from LDM-1 
was set at 1 450nm and its power at 200mW. The wave- 
length of the second pump light emitted from LDM-2 was 
set at 1 400nm and its power at 200mW. The wavelength 
of the third pump light emitted from LDM-3 was set at 
1480nm and its power at 200mW. The tellurite fiber 1 
and the silica fiber 1 1 were 200m and 5km long, respec- 
tively. The Tm-doped fiber 31 was 5m long. The concen- 
tration of doped Thulium was 6000ppm by weight. 
[01 45] The Raman amplifier of this example provided 
a flat gain spectrum(flat gain bandwidth of 1 60nm) over 
the about 1 460-1 620nm wavelength range excluding 
the 1510-1515nm dead band. 

The fourteenth Embodiment 

[0146] The fourteenth embodiment of the present in- 
vention is a tellurite Raman amplifier shown in FIG. 19 
that has first, second and third laser sources, a tellurite 
fiber pumped with the light emitted from the first laser 
source, a rare-earth doped fiber(for example, Thulium 
(Tm)-doped fiber and Erbium-doped fiber) pumped with 
the light emitted from the second laser source, and a 
silica fiber pumped with the light emitted from the third 
laser source. In this configuration, the tellurite fiber, the 
rare-earth doped fiber and the silica fiber are connected 
in series. 

[0147] Referring now to FIG.19, a tellurite fiber 1 , a 
coupler 2a, another coupler 2b, a Tm-doped fiber 31 , a 
silica fiber 11 and another coupler 2c are connected in 
series. The signal light is introduced into the tellurite fib- 
er 1 from the left side(namely, the tellurite fiber 1 is lo- 
cated in the upstream stage in the incident direction of 
signal light). The first pump light(X1) emitted from the 
first laser source 5a enters the tellurite fiber 1 via the 
coupler 2a. The second pump light(X2) emitted from the 
second laser source 5b enters the Tm-doped fiber 31 
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via the coupler 2b. The third pump light(X3) emitted from 
the third laser source 5c the silica fiber 1 1 via the coupler 
2c. 

[0148] The wavelength X2 of the second pump light 
emitted from the second laser source is determined ac- 5 
cording to the rare-earth element that is employed. The 
rare-earth elements that can be used in this embodi- 
ment include Thulium and Erbium, preferably Thulium. 
In the case of using Thulium, the wavelength for pump- 
ing should be 1400nm and its resulting gain wavelength 10 
region will be 1 460-1 51 Onm . The width of the gain band- 
width provided by such rare-earth doped fibers is about 
50nm. At wavelengths longer than the gain wavelength 
region, the ground state absorption(in case of Thulium) 
or upper state absorption(in case of Erbium) take place, f 5 
Thus the wavelength X1 of the pump light emitted from 
the first laser source is controlled so that the gain region 
of the rare-earth doped fiber overlaps the first or second 
bottom in the gain spectrum of the tellurite fiber pumped 
with the light of wavelength X1 . This settling makes it 20 
possible to prevent a rise in the noise figure of the whole 
amplifier system. Namely, signal light at wavelengths 
longer than the gain wavelength region provided by the 
rare-earth elements is amplified in advance with the tel- 
lurite fiber located in the input stage. 25 
[01 49] Further, the signal light coming out of the rare- 
earth doped fiber is amplified with the silica fiber located 
in the output stage. The wavelength X3 of the third pump 
light for the silica fiber is controlled so as to compensate 
the first or second bottom in the gain spectrum provided 30 
by the pump light of wavelength X1 . 
[01 50] The settings according to the present embod- 
iment make whichever possible to: compensate the first 
bottom in the spectrum of the tellurite fiber with the rare- 
earth doped fiber and compensate the second bottom 35 
with the silica fiber; or compensate the second bottom 
with the rare-earth doped fiber and compensate the first 
bottom with the silica fiber. 

[01 51 ] When using Thulium as the rare-earth element 
in this embodiment, the wavelength X1 of the first pump *o 
light for the tellurite fiber can be set at 1310-1480nm, 
preferably 1450nm, and the wavelength X3 of the third 
pump light for the silica fiber can be set at 1 380-1 550 nm, 
preferably 1480nm. 

[0152] The preferred configuration in the present em- 
bodiment is that the rare-earth doped fiber compensates 
the first bottom in the gain spectrum of the tellurite fiber 
and the silica fiber compensates the second bottom. 
Specifically, the settings become X1=1450nm and 
X3=1480nm. so 
[01 53] One of the advantages of this configuration is 
the elimination of the dead band. Namely, in the thir- 
teenth embodiment where the rare-earth doped fiber 
and the silica fiber are connected in parallel, there ap- 
pears a hole in the gain spectrum because of the dead ss 
band of the wavelength-selective splitter used in this 
parallel connection. In contrast, according to the present 
embodiment, all the fibers are connected in series, elim- 



inating the necessity of using a wavelength-selective 
splitter. Thus it becomes possible to prevent a hole in 
the gain spectrum (dead band of the whole system). 
[01 54] Another advantage of this embodiment is that 
the gain spectra of the Thulium-doped fiber and the sil- 
ica fiber can be combined at a high efficiency. In the thir- 
teenth embodiment, the efficiency in combining the gain 
spectra was low because the output beams provided by 
two fibers connected in parallel were combined in par- 
allel. However, the seriai combination provided by the 
serial connection of the fibers makes it possible to raise 
the efficiency in combining gain spectra. 

[Example 15] 

[0155] In the Raman amplifier shown in FIG. 19, the 
wavelength of the first pump light emitted from LDM-1 
was set at 1450nm and its power at 200mW. The wave- 
length of the second pump light emitted from LDM-2 was 
set at 1 400nm and its power at 200mW. The wavelength 
of the third pump light emitted from LDM-3 was set at 
1480nm and its power at 200mW. The tellurite fiber 1 
and the silica fiber 1 1 were 200m and 5km long, respec- 
tively. TheTm-doped fiber 31 was 5m long. The concen- 
tration of doped Thulium was 6000ppm by weight. 
[01 56] The Raman amplifier of this example provided 
aflat gain spectrum(flat gain bandwidth of 160nm) over 
the about 1460-1 620nm wavelength region with no 
dead band. 

The fifteenth Embodiment 

[01 57] The Raman amplifier according to the fifteenth 
embodiment of the present invention is an optical fiber 
amplifier shown in FIG.20 that has a laser source and a 
rare-earth doped fiber(f or example, Thulium(Tm)-doped 
fiber and Erbium-doped fiber) pumped with the laser 
source. 

[0158] Referring now to FIG.20, the Erbium-doped 
tellurite fiber 41 and a coupler 2 are connected in series. 
The pump light(X) emitted from the laser source 5 enters 
the Erbium-doped tellurite fiber 41 via the coupler 2. The 
Erbium-doped tellurite fiber 41 simultaneously acts as 
a gain medium for stimulated Raman amplification by 
tellurite fiber and that for amplification by Erbium ion. 
[01 59] In this embodiment, the first bottom in the Ra- 
man gain spectrum of the tellurite fiber pumped with the 
light of wavelength X is compensated with the peak in 
the gain spectrum of the doped Er pumped with the light 
of wavelength X. The wavelength X is 1410-1440nm, 
preferably 1430nm. Erbium ions can be pumped with 
the pump light of a wavelength of around 1430nm and 
its gain spectrum, which is slightly different from that of 
the thirteenth embodiment though, has a peak at around 
1 530-1 570nm as well. 

[01 60] In this embodiment, the gain obtained by stim- 
ulative Raman amplification is proportional to the output 
power of pump light and the length of the tellurite fiber 
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41 . On the other hand, the gain provided by Er is pro- 
portional to the product of the output power of pump 
light, the concentration of doped Er ions and the length 
of the fiber 41. Thus the Erbium concentration should 
be 1000ppm by weight or less, preferably 250ppm by 5 
weight or less, in order to control the power of pump light 
within a practical range for providing the desired Raman 
gain. For example, so as to equalize the gain provided 
by Er ions to the Raman gain of the tellurite fiber for 
yielding a flat gain spectrum, the fiber should be 50m 10 
when a fiber doped 1 0OOppm by weight of Er ions is em- 
ployed, while it should be 250m when a fiber doped 
250ppm by weight is employed. Namely, the Raman am- 
plification efficiency in the latter case is about five times 
as high as the former. w 

[Example 16] 

[0161] Referring now to FIG.1 9, the wavelength of the 
pump light emitted from LDM was set at 1 430nm and its 20 
power at 200mW. The Erbium-doped tellurite fiber 41 
was 250m long and its Er concentration was 250ppm by 
weight. 

[01 62] The Raman amplifier of this example provided 
a flat gain spectrum(flat gain bandwidth of 80nm) over 25 
the about 1 520-1 600nm wavelength range. 

The sixteenth Embodiment 

[0163] The Raman amplifier according to the six- 30 
teenth embodiment of the present invention is an optical 
fiber amplifier shown in FIG.21 that has first and second 
laser sources and a rare-earth doped fiber(for example, 
Thulium(Tm)-doped fiber and Erbium-doped fiber) 
pumped with the first and second laser sources. The 35 
preferable rare-earth elements that can be used in this 
embodiment include Erbium and Thulium, preferably Er- 
bium. Also, in this embodiment, The rare-earth doped 
fiber simultaneously acts as a gain medium for stimulat- 
ed Raman amplification and that for amplification by 40 
rare-earth. 

[0164] Referring now to FIG.21, the Erbium-doped 
tellurite fiber 41 and a coupler 2 are serially connected. 
The pump light beams(A.1 , A2) emitted from the first and 
second laser sources 5a, 5b are combined in the coupler 45 
4 and enter the Erbium-doped tellurite fiber 41 via the 
coupler 2. 

[01 65] In this embodiment, the first bottom in the gain 
spectrum of the tellurite fiber pumped with the first pump 
light of wavelength X1 is compensated with the peak in so 
the gain spectrum of the doped Er pumped with the light 
of wavelength X2. The wavelength X1 is 1410-1440nm, 
preferably 1430nm. The wavelength >2 is 
1 450-1 500nm, preferably 1480nm. 
[0166] In the present embodiment as well, the con- 55 
centration of Erbium should be 1000ppm by weight or 
less, preferably 250ppm by weight or less, because of 
the reason described in the fifteenth embodiment. 



The seventeenth Embodiment 

[0167] The seventeenth embodiment of the present 
invention is an optical communication system shown in 
FIG.22 that has at least one transmission line span in- 
cluding (a) a repeater incorporating first and second la- 
ser sources and a tellurite fiber pumped with the light 
emitted from the first laser source, and (b) a transmis- 
sion line consisting of a silica fiber pumped with the light 
emitted from the second laser source. 
[0168] Referring now to FIG.22, a silica fiber 13a serv- 
ing as a transmission line, a coupler 2a, a tellurite fiber 
1 and a coupler 2b are connected in serial, and this com- 
ponent set is further connected to another silica fiber 
1 3b serving as a transmission line of the next span . The 
first pump light(X1 ) emitted from the first laser source 5a 
enters the tellurite fiber 1 via the coupler 2a. The second 
pump light(X2) emitted from the second laser source 5b 
enters the silica fiber 1 3a via the coupler 2b. The repeat- 
er 14 includes the first and second laser sources 5a, 5b, 
two couplers 2a, 2b and tellurite fiber 1 . One repeater 
14 and one transmission line(silica fiber 13a) form one 
span of the transmission line. 

[0169] The first bottom in the gain coefficient spec- 
trum of the tellurite fiber 1 provided by the first pump 
light(3L1) emitted from the first laser source is controlled 
to overlap the peak in the gain coefficient spectrum of 
the silica fiber provided by the second pump light (X2) 
emitted from the second laser source. Specifically, the 
difference between X^ and X2 is set at X2-X1 =25±1 5nm, 
namely, 40nm>A2-A.1>10nm. This different between X1 
and X2, A2-A.1 , is more preferably 1 5nm-35nm, and most 
preferably 20-30nm. The difference in waven umber be- 
tween the two pump light beams corresponding to such 
a difference in wavelength, 10nm-40nm, is about 
42-1 66cm 1 . When X1 and X2 are controlled as de- 
scribed above, the signal to noise ratio in the gain region 
of the silica fiber is improved(the noise figure is reduced) 
due to the distributed amplification in the transmission 
line. Since the bottom (valley) of the gain spectrum of 
the tellurite fiber 1 is compensated with the peak in the 
gain spectrum of the silica fiber, a flat gain spectrum is 
obtained over a wide wavelength region. Thus the deg- 
radation of the signal to noise ratio at around wave- 
lengths near the bottom of the gain spectrum of the tel- 
lurite fiber 1 can be prevented easily and effectively. In 
addition, there is an advantage that if a particularly large 
signal to noise ratio is obtained in a wavelength region 
where the silica fiber presents a large distributed gain, 
this wavelength region can be set at the zero-dispersion 
wavelength for the transmission line. 
[0170] The silica fibers 1 3a, 1 3b serving as transmis- 
sion lines are such low-loss fibers as dispersion com- 
pensating fibers(DCF), dispersion shifted fibers(DSF) 
and 1 .3ujn single mode fibers in typical cases. When 
the Raman amplification is conducted distributive^ in 
the transmission line, the signal to noise ratio rises 
(noise falls) due to the distributed amplification at wave- 
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lengths where the distributed gain becomes high. The 
1 .3}im single mode fiber is a fiber having zero dispersion 
at 1 .3\im. The dispersion shifted fiber is a fiber of which 
wavelength presenting zero dispersion is shifted from 
1.3nm to around 1.55ujn through control of the 
waveguide dispersion. The dispersion shifted fiber is, 
therefore, particularly important in the long-haul trans- 
mission system for the trunk lines, and also suitable for 
use in high speed transmission systems employing sig- 
nal light of a wavelength around 1 .55ujti. 

[Example 1 7] 

[0171] In the optical communication system shown in 
FIG.22, the wavelength of the first pump light emitted 
from LDM-1 was set at 1450nm and its power at 200m W. 
The wavelength of the second pump light emitted from 
LDM-2 was set at 1 475nm and its power at 200mW. The 
tellurite fiber 1 and the silica fiber 1 3a serving as a trans- 
mission line were 200m and 40km long, respectively. 
[0172] The optical communication system of this ex- 
ample provided aflat gain spectrum(flat gain bandwidth 
of 80nm) over the about 1550-1 630nm wavelength 
range. 

[Example 18] 

[0173] In the optical communication system shown in 
FIG.22, the wavelength of the first pump light emitted 
from LDM-1 was set at 1 420nm and its power at 200m W. 
The wavelength of the second pump light emitted from 
LDM-2 was set at 1 445nm and its power at 200mW. The 
tellurite fiber 1 was 200m long. The silica fiber 1 3a serv- 
ing as a transmission line was a DSF which was 80km 
in length. 

[0174] The optical communication system according 
to this example provided a flat gain spectrum(fiat gain 
bandwidth of 80nm) over the about 1510-1 590n m wave- 
length range. Besides, in this example, the zero disper- 
sion wavelength was able to be set at 1550nm. Since 
the signal to noise ratio became high at wavelengths 
near 1550nm, the degradation of transmission quality 
due to non-linear effects was successfully prevented. 

The eighteenth Embodiment 

[01 75] The eighteenth embodiment of the present in- 
vention is an optical communication system shown in 
FIG.23 that has at least one transmission line span in- 
cluding (a) a repeater incorporating first to third and fifth 
to sixth laser sources, and a first tellurite fiber pumped 
with the pump light beams emitted from the first and sec- 
ond laser sources, a first silica fiber pumped with the 
pump light emitted from the third laser source, and a 
second tellurite fiber pumped with the pump light beams 
emitted from the fifth and sixth laser sources, and (b) a 
transmission line consisting of a fourth laser source and 
a second silica fiber pumped with the pump light emitted 



from the fourth laser source. 

[0176] Referring now to FIG.23, the Raman amplifier 
"of the tenth embodiment shown in FIG. 15 is employed 
as the repeater 14. However, there is a difference that 

5 the silica fiber 11 is pumped with only the third pump 
light of a single wavelength A3. A silica fiber 1 3 serving 
as a transmission line, a coupler 2d, the first tellurite fib- 
er 1 a, another coupler 2a, a silica fiber 1 1 , another cou- 
pler 2b, the second tellurite fiber 1 b and another coupler 

10 2c are connected in series. The pump light beams (Xi 
and X2) emitted from the first and second laser sources 
5a, 5b enter the first tellurite fiber 1 a via the coupler 4a. 
The pump light(X3) emitted from the third laser source 
5c enters the silica fiber 1 1 via the coupler 2b. The pump 

is light beams (X5 and X6) emitted from the fifth and sixth 
laser sources 5e, 5f enter the second tellurite fiber 1b 
via the coupler 4b. The repeater 1 4 includes these com- 
ponents except for the silica fiber 1 3 and the coupler 2d. 
The pump light(X4) emitted from the fourth laser source 

20 5d enters the silica fiber 13 serving as a transmission 
line via the coupler 2d. One repeater 1 4 and one trans- 
mission iine(silica fiber 13) form one span of the trans- 
mission line. Signal light is injected into the repeater via 
the silica fiber 13. 

25 [0177] In the Raman amplifier according to Example 
1 0, the first and second bottoms in the gain spectrum of 
the first tellurite fiber 1 a are not completely flattened by 
the peak in the gain spectrum of the silica fiber 11 , al- 
though a wideband tellurite fiber is employed in the input 

30 stage. As a result, at either the first or second bottom or 
at both the first and second bottoms, the noise figure 
becomes larger than those at the wavelengths corre- 
sponding to the first and second peaks. In the optical 
communication system according to the present em- 

35 bodiment, however, it becomes possible to effectively 
reduce the noise figure at the first and second bottoms 
by conducting distributed Raman amplification in the sil- 
ica fiber 13 that serves as a transmission line. 
[0178] A flat gain spectrum and low noise figure are 

"to obtained over a wide wavelength range by the silica fiber 
13 serving as a transmission line, the first tellurite fiber 
1 a and silica fiber 1 1 . Also in this embodiment, the out- 
put power of the repeater 14(eventually the output of the 
optical communication system) can be raised by em- 

45 ploying the second wideband tellurite fiber 1 b in the out- 
put stage. In this case, it is preferable to install a gain 
equalizer 1 5 between the silica fiber 1 1 and the second 
tellurite fiber 1 b for a flattened spectrum and augmented 
amplifier output. If the desired performance^! at gain 

so over a wide band, high output power and low noise fig- 
ure) is attained in a stage before the silica fiber 1 1 , the 
second tellurite fiber 1b may be omitted. 
[01 79] The conditions that X1 to X6 must meet are the 
same as those for the tenth embodiment. 

55 [0180] Namely, the difference between A.1 and X2 is 
set at X1-A2=50t20nm, namely, 30nm<X1-A2<70nm. 
This difference corresponds to a difference of 
125-290crrr 1 in wavenumber between the first pump 
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light and the second pump light in the wavelength band 
of interest in this embodiment. Besides, the difference 
between A.1 and A3 is set at A3-X1=25±15nm, namely, 
10nm<A3-A.1<40nm. This difference corresponds to a 
difference of 42-1 66cm" 1 in wavenumber between the 5 
first pump light and the third pump light. In addition, the 
difference between A.1 and A4 is set at X1 -A4=4G±30nm, 
namely, 1 0nm<A1 -A4<70nm. This difference corre- 
sponds to a difference of 42-290cm~ 1 in wavenumber 
between the first pump light and the fourth pump light. 
The settings for A5 and A6 are the same as those for X1 
andX2. 

[0181] According to the above settings, the gain peak 
in the spectrum of the silica fiber 11 pumped with the 
light of wavelength A3 compensates the first bottom in 
the spectrum of the tellurite fiber pumped with the light 
of wavelength A.1 . Meanwhile, the gain peak in the spec- 
trum of the silica fiber 1 3 pumped with the light of wave- 
length A4 compensates the second bottom in the spec- 
trum of the tellurite fiber pumped with the light of wave- 
length 311 . It is allowed that the gain peak pumped with 
wavelength A3 may compensate the second bottom and 
the gain peak pumped with wavelength A4 may com- 
pensate the first bottom, exchanging the settings for the 
wavelengths A3 and AA. That is, the difference between 
A.1 and A4 may be set at A4-A.1=25±15nm, namely, 
10nm<A4-A,1<40nm, while the difference between A.1 
and A3 may be set at A.1 -A3=40±30nm, namely, 
1 0nm<A.1 -A3<70nm. In other words, the difference in 
wavelength between the fourth and first pump light 
beams may be 42-166crrf 1 , and that between the first 
and third pump light beams may be 42-290cm _1 . 
[01 82] Although the silica fiber 1 3 is pumped with the 
light of a single wavelength in the configuration shown 
in FIG. 23, it may be pumped with two pump light beams 
of different wavelengths. In such a case, however, those 
two wavelengths of pump light beams must meet the 
conditions set for above A3 and A4. If two pump light 
beams of different wavelengths are employed, both the 
first and second bottoms in the gain spectrum of the tel- 
lurite fiber can be compensated with the distributed gain 
in the spectrum of the silica fiber 1 3 and the noise figure 
can be further reduced. Two-wavelength pumping may 
also be applied to the silica fiber 11a installed in the re- 
peater under the same conditions. 
[0183] Further, in the configuration shown in FtG.23, 
the laser sources 5e, 5f for pumping the second tellurite 
fiber are employed in addition to the laser sources 5a, 
5b for pumping the first tellurite fiber. However, it is pos- 
sible to divide thecoupled pump light made of pump light 
beams from the laser sources 5a, 5b and then supply 
the divided pump light beams to both of the first and sec- 
ond tellurite fibers. 

[Example 19] 

[01 84] I n the optical communication system shown in 
FIG.23, the wavelength of the pump light emitted from 



LDM-1 and LDM-5 were set at 1450nm and its power at 
200mW. The wavelength of the pump light emitted from 
LDM-2 and LDM-6 were set at 141 Onm and its power at 
200mW. The wavelength of the pump light emitted from 
LDM-3 was set at 1 475nm and its power at 200mW. The 
wavelength of the pump light emitted from LDM-4 was 
set at 1 400nm and its power at 200mW. The tellurite fib- 
er 1 a was 200m long, and the tellurite fiber 1 b was 1 80m 
long. The silica fiber 11 was 5km long. The silica fiber 
13 serving as a transmission line was a DSF thai was 
80km in length. 

[0185] The optical communication system according 
to this example provided a flat gain spectrum(flat gain 
bandwidth of 130nm) over the about 1500-1 630nm 
wavelength region. Moreover, the effective noise figure 
was lower than that attained in Example 11 (FIG. 15). In- 
deed, although the maximum noise figure attained in Ex- 
ample 11 was 9dB, it was 6dB in the current example. 
[0186] As explained so far, the inventors have made 
this invention focusing on that the gain spectrum provid- 
ed by Raman amplification of signal light depends on 
pump light and pumping media. 
[0187] That is, the optical fiber amplifier according to 
the present invention is a Raman fiber amplifier using 
the tellurite fiber as the principle component and pro- 
vides such merits as the bandwidth widening of flat gain 
band, reduction of noise figure and increase of the am- 
plifier output, by appropriately combining the techniques 
of: 1) pumping the tellurite fiber with two wavelengths, 
2) pumping the tellurite fiber and the silica fiber with dif- 
ferent wavelengths, 3) pumping the low-concentration 
Er-doped tellurite fiber with one or two wavelengths, and 
4) pumping the tellurite fiber and the Tm -doped fiber with 
different wavelengths. Besides, this invention contrib- 
utes to reduced cost of the amplifier because the above 
goals can be attained with a minimal number of pump 
light sources. 

[0188] The optical communication system according 
to the present invention is a system employing a repeat- 
er using a tellurite fiber and a silica fiber transmission 
line providing the distributed amplification. This system 
presents such advantages as the bandwidth widening 
of flat gain band, reduction of noise figure and increase 
of the amplifier output by appropriately combining the 
above techniques, using a minimal number of pump light 
sources. 

[0189] The present invention thus solves the prob- 
lems that the gain band is limited and that many pump 
light sources are needed in optical communication sys- 
tems using the prior art Raman amplifier and Raman 
amplification technique. 

[0190] The present invention has been described in 
detail with respect to preferred embodiments, and it will 
now be apparent from the foregoing to those skilled in 
the art that changes and modifications may be made 
without departing from the invention in its broader as- 
pects, and it is the intention, therefore, in the appended 
claims to cover all such changes and modifications as 
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fait within the true spirit of the invention. 



Claims 

1 . An optical fiber amplifier characterized by compris- 
ing: 

two laser sources emitting pump light beams of 
wavelengths different from each other; and 10 
a tellurite fiber pumped with the pump light emit- 
ted from said two laser sources; 

characterized in that the absolute difference 
in wavenumber between said pump light beams « 
emitted from the two laser sources is 125-290crrr 1 . 

2. The optical fiber amplifier as claimed in claim 1 , fur- 
ther characterized by comprising a coupler that 
combines the pump light beams emitted from said 20 
two laser sources. 

3. An optical fiber amplifier characterized by compris- 
ing: 

25 

three or more laser sources emitting pump light 
beams of wavelengths different from one an- 
other; and 

a tellurite fiber pumped with the pump light emit- 
ted from said three or more laser sources; 30 

characterized in that said three or more la- 
ser sources are divided into two groups not over- 
lapping each other in wavelength and the absolute 
difference in wavenumber between the correspond- 35 
ing weight center wavelengths of said two groups 
is125-290cm- 1 . 

4. The optical fiber amplifier as claimed in claim 2, fur- 
ther characterized by comprising a coupler that 40 
combines the pump light beams emitted from said 
three or more laser sources. 

5. The optical fiber amplifier as claimed in claim 1 or 

3, characterized in that said tellurite fiber is a dis- 45 
pension compensating fiber. 

6. The optical fiber amplifier as claimed in claim 1 or 
3, further characterized by comprising a gain 
equalizer installed in the downstream stage of said so 
tellurite fiber in the incidnet direction of signal light. 

7. An optical fiber amplifier characterized by compris- 
ing: 
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pump light emitted from said two laser sources; 

characterized in that the absolute difference 
in wavenumber between said pump light beams 
emitted from the two laser sources is 125-290cm" 1 . 

8. The optical fiber amplifier as claimed in claim 7, 
characterized in that said first and second tellurite 
fibers are connected in series. 

9. The optical fiber amplifier as claimed in claim 8, fur- 
ther characterized by comprising a gain equalizer 
installed between said firsttellurite fiber and second 
tellurite fiber. 

10. The optical fiber amplifier as claimed in claim 7 or 
8, further characterized by comprising: 

a coupler that combines the pump light beams 
emitted from said two laser sources; and 
a splitter that splits the output light from said 
coupler into input light branches to be provided 
for said first and second tellurite fibers. 

1 1 . An optical fiber amplif iercharacterized by compris- 
ing: 

three or more laser sources emitting pump light 
beams of wavelengths different from one an- 
other; and 

two tellurite fibers pumped with the pump light 
emitted from said three or more laser sources; 

characterized in that said three or more la- 
ser sources are divided into two groups not over- 
lapping each other in wavelength and the absolute 
difference in wavenumber between the correspond- 
ing weight center wavelengths of said two groups 
is 125-290cm- 1 . 

12. The optical fiber amplifier as claimed in claim 7 or 
11 , characterized in that said first or second tellur- 
ite fiber is a dispersion compensating fiber. 

1 3. An optical fiber amplif iercharacterized by compris- 
ing: 

first and second laser sources emitting pump 
light beams of wavelengths different from each 
other; 

a tellurite fiber pumped with the pump light emit- 
ted from said first laser source; and 
a silica fiber pumped with the pump light emit- 
ted from said second laser source. 

14. The optical fiber amplifier as claimed in claim 13, 
characterized in that the difference in wavenum- 
ber between the pump light emitted from said sec- 
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two laser sources emitting pump light beams of 
wavelengths different from each other; and 
first and second tellurite fibers pumped with the 
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ond laser source and that emitted from said first la- 
ser source is 42-1 66cm" 1 . 

15. The optical fiber amplifier as claimed in claim 13 or 
14, characterized In that said tellurite finer and 
said silica fiber are connected in series. 

16. The optical fiber amplifier as claimed in claim 15, 
characterized tn that said tellurite fiber is installed 
upstream in the incident direction of signal light. 

17. The optical fiber amplifier as claimed in claim 15, 
further characterized by comprising: 

a first coupler for injecting the pump light emit- 
ted from said first laser source into said tellurite 
fiber; and 

a second coupler for injecting the pump light 
emitted from said second laser source into said 
silica fiber. 

18. The optical fiber amplifier as claimed in claim 13 or 
14, characterized In that said tellurite fiber is a dis- 
persion compensating fiber 

19. The optical fiber amplifier as claimed in claim 13 or 
14, characterized In that said silica fiber is a dis- 
persion compensating fiber. 

20. The optical fiber amplifier as claimed in claim 1 3 or 
14, further characterized by comprising a coupler 
that combines the pump light emitted from said first 
laser source and that from said second laser 
source. 

21 . The optical fiber amplifier as claimed in claim 20, 
characterized in that said tellurite fiber and said 
silica fiber are connected in series. 

22. The optical fiber amplifier as claimed in claim 21 , 
characterized in that said tellurite fiber is installed 
upstream in the incident direction of signal light. 

23. The optical fiber amplifier as claimed in claim 20, 
characterized in that said tellurite fiber is a disper- 
sion compensating fiber. 

24. The optical fiber amplifier as claimed in claim 20, 
characterized in that said silica fiber is a disper- 
sion compensating fiber. 

25. The optical fiber amplifier as claimed in claim 20; 
characterized in that said tellurite fiber and said 
silica fiber are connected in series, said tellurite fib- 
er is installed upstream in the incidnet direction of 
signal light, and a reflector that reflects the pump 
light emitted from said first laser source is installed 
between said tellurite fiber and silica fiber. 



26. The optical fiber amplifier as claimed in claim 20; 
characterized in that said tellurite fiber and said 
silica fiber are connected in series, said tellurite fib- 
er is installed upstream in the incident direction of 

5 signal light, and a reflector that reflects the pump 
light emitted from said second laser source is in- 
stalled between said tellurite fiber and silica fiber. 

27. The optical fiber amplifier as claimed in claim 25, 
10 characterized in that said teiiurite fiber is a disper- 
sion compensating fiber. 

28. The optical fiber amplifier as claimed in claim 25, 
characterized in that said silica fiber is a disper- 

15 sion compensating fiber. 

29. The optical fiber amplifier as claimed in claim 26, 
characterized in that said tellurite fiber is a disper- 
sion compensating fiber. 

20 

30. The optical fiber amplifier as claimed in claim 26, 
characterized in that said silica fiber is a disper- 
sion compensating fiber. 

25 31. An optical fiber amplifier characterized by compris- 
ing: 

a plurality of tellurite fibers; 
a plurality of silica fibers; and 
30 two laser sources emitting pump light beams of 

wavelengths different from each other; 

characterized in that said teiiurite fibers and 
said silica fibers are connected in series adjacent 
35 to each other. 

32. The optical fiber amplifier as claimed in claim 31 , 
characterized in that the difference in wavenum- 
ber between the two pump light beams emitted from 

40 said two laser sources is 42-1 66cm 1 . 

33. The optical fiber amplifier as claimed in claim 31 , 
further characterized by comprising a coupler that 
combines the pump light beams emitted from said 

45 two laser sources and signal light. 

34. The optical fiber amplifier as claimed in claim 31 , 
characterized in that said tellurite fiber is installed 
in the most upstream stage of the incidnent direc- 

50 tion of signal light. 

35. The optical fiber amplifier as claimed in claim 31 , 
characterized in that the number of said tellurite 
fibers is two and that of said silica fibers is two. 

55 

36. The optical fiber amplifier as claimed in claim 31 , 
characterized in that said plurality of tellurite fibers 
are dispersion compensating fibers. 
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37. The optical fiber amplifier as claimed in claim 31 , 
characterized in that said plurality of silica fibers 
are dispersion compensating fibers. 

38. An optical fiber amplifier characterized by compris- s 
ing: 

first, second and third laser sources emitting 
pump light beams of wavelengths differentf rom 
one another; io 
a tellurite fiber pumped with said first laser 
source; and 

a silica fiber pumped with said second and third 
laser sources. 

15 

39. The optical fiber amplifier as claimed in claim 38; 

characterized in that the difference in wav- 
en umber between the pump light emitted from said 
second laser source and that emitted from said first 
laser source is 42-1 66cm" 1 , and 20 

the difference in wavenumber between the 
pump light emitted from said first laser source and 
that emitted from said third laser source is 
42-294cnrr 1 . 

25 

40. The optical fiber amplifier as claimed in claim 38 or 
39, characterized in that said tellurite fiber and 
said silica fiber are connected in series. 

41 . The optical fiber amplifier as claimed in claim 40, 30 
characterized in that said tellurite fiber is installed 
upstream in the incidnet direction of signal light. 

42. The optical fiber amplifier as claimed in claim 38 or 

39, further characterized by comprising a coupler 35 
that combines the pump light emitted from said sec- 
ond laser source and that from said third laser 
source. 

43. The optical fiber amplifier as claimed in claim 38 or *o 
39, characterized in that said tellurite fiber is a dis- 
persion compensating fiber. 

44. The optical fiber amplifier as claimed in claim 38 or 
39, characterized in that said silica fiber is a dis- 
persion compensating fiber. 

45. An optical fiber amplifier characterized by compris- 
ing: 

50 

first, second and third laser sources emitting 
pump light beams of wavelengths different from 
one another, 

a tellurite fiber pumped with said first and sec- 
ond laser sources; and 55 
a silica fiber pumped with said third laser 
source. 



40 

46. The optical fiber amplifier as claimed in claim 45; 

characterized in that the difference in wav- 
enumber between the pump light emitted from said 
third laser source and that emitted from said first 
laser source is 42-1 66cm -1 , and 

the difference in wavenumber between the 
pump light emitted from said first laser source and 
that emitted from said second laser source is 
125-290crrr 1 . 

47. The optical fiber amplifier as claimed in claim 45 or 
46, characterized in that said tellurite fiber and 
said silica fiber are connected in series. 

48. The optical fiber amplifier as claimed in claim 47, 
characterized in that said tellurite fiber is installed 
upstream in the incident direction of signal light. 

49. The optical fiber amplifier as claimed in claim 45 or 
46, further characterized by comprising a coupler 
that combines the pump light emitted from said first 
laser source and that from said second laser 
source. 

50. The optical fiber amplifier as claimed in claim 45 or 
46, characterized in that said tellurite fiber is a dis- 
persion compensating fiber. 

51. The optical fiber amplifier as claimed in claim 45 or 
46, characterized in that said silica fiber is a dis- 
persion compensating fiber. 

52. The optical fiber amplifier as claimed in claim 45 or 
46, characterized in that, X1 and A2 being wave- 
lengths^ >X2) at the gain peaks provided by the 
pumping with only the pump light emitted from said 
first laser source, the ratio between the on-off Ra- 
man gain(in dB values) at X1 of said tellurite fiber 
and that at X2 lies between 100:80 and 100:100 
when the tellurite fiber is pumped with the pump 
light beams emitted from said first and second laser 
sources. 

53. An optical fiber amplifier characterized by compris- 
ing: 

first, second, third and fourth laser sources 
emitting pump light beams of wavelengths dif- 
ferent from one another; 
a tellurite fiber pumped with said first and sec- 
ond laser sources; and 

a silica fiber pumped with said third and fourth 
laser sources. 

54. The optical fiber amplifier as claimed in claim 53; 

characterized In that the difference in wav- 
enumber between the pump light emitted from said 
third laser source and that emitted from said first 
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laser source is 42-1 66cm" 1 , 

the difference in wavenumber between the 
pump light emitted from said first laser source and 
that emitted from said second laser source is 
125-290cnrr 1 , and 5 

the difference in wavenumber between the 
pump light emitted from said first laser source and 
that emitted from said fourth laser source is 
42-290cm- 1 . 

w 

55. The optical fiber amplifier as claimed in claim 53 or 
54, characterized in that said tellurite fiber and 
said silica fiber are connected in series. 

56. The optical fiber amplifier as claimed in claim 55, *5 
characterized in that said tellurite fiber is installed 
upstream in the incident direction of signal light. 

57. The optical fiber amplif ier as claimed in claim 53 or 

54, further characterized by comprising a coupler 20 
that combines the pump light emitted from said first 
laser source and that from said second laser 
source. 

58. The optical fiber amplifier as claimed in claim 53 or 25 
54, further characterized by comprising a coupler 
that combines the pump light emitted from said third 
laser source and that from said fourth laser source. 

59. The optical fiber amplifier as claimed in claim 53 or so 
54, characterized in that said tellurite fiber is a dis- 
persion compensating fiber. 

60. The optical fiber amplifier as claimed in claim 53 or 

54, characterized In that said silica fiber is a dis- 35 
pension compensating fiber. 

61 . The optical fiber amplifier as claimed in claim 53 or 
54, characterized in that, A.1 and X2 being wave- 
lengths (X1 >A2) at the gain peaks provided by the 40 
pumping with only the pump light emitted from said 
first laser source, the ratio between the on-off Ra- 
man gain(in dB values) at A.1 of said tellurite fiber 
and that at X2 lies between 100:80 and 100:100 
when the tellurite fiber is pumped with the pump 
light beams emitted from said first and second laser 
sources. 

62. An optical fiber amplifier characterized by compris- 
ing: so 



and sixth laser sources; and 

a silica fiber pumped with said third and fourth 

laser sources. 

63. The optical fiber amplifier as claimed in claim 62; 

characterized in that the difference in wav- 
enumber between the pump light emitted from said 
third laser source and that emitted from said first 
laser source is 42-1 66cm" 1 , 

the difference in wavenumber between Lhe 
pump light emitted from said first laser source and 
that emitted from said second laser source is 
125-290cnrr 1 , and 

the difference in wavenumber between the 
pump light emitted from said first laser source and 
that emitted from said fourth laser source is 
42-290cnrr 1 . 

64. The optical fiber amplifier as claimed in claim 62 or 
63, characterized in that the pump light beams 
emitted from said fifth and first laser sources have 
the same wavelength and the pump light beams 
emitted from said sixth and second laser sources 
have the same wavelength. 

65. The optical fiber amplifier as claimed in claim 62 or 
63, characterized In that said first tellurite fiber, 
said silica fiber and said second tellurite fiber are 
connected in series in this order. 

66. The optical fiber amplifier as claimed in claim 62 or 
63, further characterized by comprising a coupler 
that combines the pump light emitted from said first 
laser source and that from said second laser 
source. 

67. The optical fiber amplifier as claimed in claim 62 or 
63, further characterized by comprising a coupler 
that combines the pump light emitted from said third 
laser source and that from said fourth laser source. 

68. The optical fiber amplifier as claimed in claim 62 or 
63, further characterized by comprising a coupler 
that combines the pump light emitted from said fifth 
laser source and that from said sixth laser source. 

69. The optical fiber amplifier as claimed in claim 62 or 
63, characterized in that either of said first or sec- 
ond tellurite fiber is a dispersion compensating fiber 
or both of said first and second tellurite fibers are 
dispersion compensating fibers. 

70. The optical fiber amplifier as claimed in claim 62 or 
63, characterized in that said silica fiber is a dis- 
persion compensating fiber. 

71 . An optical fiber amplifier characterized by compris- 
ing: 



first, second, third and fourth laser sources 
emitting pump light beams of wavelengths dif- 
ferent from one another; 

fifth and sixth laser sources; ss 
a first tellurite fiber pumped with said first and 
second laser sources; 

a second tellurite fiber pumped with said fifth 
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first and second laser sources emitting pump 

light beams of wavelengths different from each 

other; and 

a tellurite fiber; and 

an Erbium-doped fiber. 

72. The optical fiber amplifier as claimed in claim 71, 
characterized in that the wavelength of the pump 
light emitted from said first laser source is 
1 41 0-1 440nm and the wavelength of the pump light 
emitted from said second laser source is 
1450-1500nm. 

73. The optical fiber amplifier as claimed in claim 71 or 
72, characterized in that said tellurite fiber and 
said Erbium-doped fiber are connected in series. 

74. The optical fiber amplifier as claimed in claim 73, 
characterized in that said tellurite fiber is installed 
upstream in the incidnet direction of signal light. 

75. The optical fiber amplifier as claimed in claim 71 or 
72, characterized in that said tellurite fiber is a dis- 
persion compensating fiber. 

76. An optical fiber amplifier characterized by compris- 
ing: 

first and second laser sources; 
a tellurite fiber pumped with the pump light emit- 
ted from said first laser source; 
a wavelength-selective splitter that splits the 
signal light amplified in said tellurite fiber into 
signal light outputs of first and second wave- 
length regions; 

a Thulium-doped fiber that is pumped with the 
pump light emitted from said second laser 
source and amplifys the signal light output of 
the first wavelength region; and 
a coupler that combines the signal light output 
of the first wavelength region amplified in said 
Thulium-doped fiber and the signal light output 
of the second wavelength region. 

77. The optical fiber amplifier as claimed in claim 76, 
characterized in that the wavelength of the pump 
light emitted from said first laser source is 
131f>1480nm. 

78. The optical fiber amplifier as claimed in claim 76 or 
77, characterized in that said tellurite fiber is a dis- 
persion compensating fiber. 

79. The optical fiber amplifier as claimed in claim 76 or 
77, further characterized by comprising a third la- 
ser source and a silica fiber pumped with the pump 
light emitted from said third laser source, charac- 
terized in that the signal light output of said second 



wavelength region is amplified in said silica fiber. 

80. The optical fiber amplifier as claimed in claim 79, 
characterized in that the wavelength of the pump 

5 light emitted from said third laser source is 
1 380-1 550nm. 

81. The optical fiber amplifier as claimed in claim 79, 
characterized in that said tellurite fiber is a disper- 
se sion compensating fiber. 

82. The optical fiber amplifier as claimed in claim 79, 
characterized in that said silica fiber is a disper- 
sion compensating fiber. 

15 

83. An optical fiber amplifier characterized by compris- 
ing: 

first to third laser sources; 
20 a tellurite fiber pumped with the pump light emit- 

ted from said first laser source; 
a Thulium-doped fiber pumped with the pump 
light emitted from said second laser source; 
a silica fiber pumped with the pump light emit- 
25 ted from said third laser source; 

characterized in that said tellurite fiber, 
Thulium-doped fiber and silica fiber are connected 
in series in this order. 

30 

84. The optical fiber amplifier as claimed in claim 83, 
characterized in that the wavelength of the pump 
light emitted from said first laser source is 
131 0-1 480nm and the wavelength of the pump light 

35 emitted from said third laser source is 
1 380-1 550nm. 

85. The optical fiber amplifier as claimed in claim 83 or 
84, characterized in that said Thulium-doped fiber 

40 is a Thulium-doped fluoride fiber. 

86. The optical fiber amplifier as claimed in claim 83 or 
84, characterized in that said tellurite fiber is a dis- 
persion compensating fiber. 

45 

87. The optical fiber amplifier as claimed in daim 83 or 
84, characterized in that said silica fiber is a dis- 
persion compensating fiber. 

so 88. An opticalfiberamplifiercharacterized by compris- 
ing: 

a first laser source; and 
an Erbium-doped tellurite fiber pumped with the 
55 pump light emitted from said first laser source; 

characterized in that the wavelength of the 
pump light emitted from said first laser source is 



25 



30 



45 



23 



45 



EP 1 229 674 A1 



46 



1410-1440nm. 

89. The optical fiber amplifier as claimed in claim 88, 
characterized in that the concentration of Erbium 
doped in said Erbium-doped tellurite fiber is 
1000ppm by weight or less. 

90. The optical fiber amplifier as claimed in claim 88, 
further characterized by comprising a second laser 
source for pumping said Erbium-doped tellurite fib- 
er, characterized In that the wavelength of the 
pump light emitted from said second laser source 
is 1 450-1 500nm. 

91. The optical fiber amplifier as claimed in claim 90, 
characterized in that the concentration of Erbium 
doped in said Erbium-doped tellurite fiber is 
1000ppm by weight or less. 

92. The optical fiber amplifier as claimed in claim 90, 
further characterized by comprising a coupler that 
combines the pump light emitted from said first laser 
source and that from said second laser source. 

93. An optical communication system including at least 
one transmission line segment characterized by 
comprising: 

(a) a repeater incorporating first and second la- 
ser sources and a tellurite fiber pumped with 
the pump light emitted from said first laser 
source; and 

(b) a unit transmission line having a silica fiber 
pumped with the pump light emitted from said 
second laser source. 

94. The optical communication system as claimed in 
claim 93, characterized in that the difference in 
waven umber between the pump light emitted from 
said second laser source and the pump light emitted 
from said first laser source is 42-166crrr 1 . 

95. The optical communication system as claimed in 
claim 93 or 94, characterized in that said tellurite 
fiber is a dispersion compensating fiber. 

96. An optical communication system including at least 
one transmission line segment characterized by 

comprising: 

(a) a repeater incorporating first to third and fifth 
to sixth laser sources, a first tellurite fiber 
pumped with the pump light emitted from said 
first and second laser sources, a first silica fiber 
pumped with the pump light emitted from said 
third laser source, and a second tellurite fiber 
pumped with the pump light emitted from said 
fifth and sixth laser sources; and 



(b) a unit transmission line having a fourth laser 
source and a second silica fiber pumped with 
the pump light emitted from said fourth laser 
source; 

5 

characterized in that said first to fourth laser 
sources emit pump light beams of wavelengths dif- 
ferent from one another. 

io 97. The optical fiber amplifier as claimed in ciaim 96; 

characterized in that the difference in wav- 
enumber between the pump light emitted from said 
third laser source and that emitted from said first 
laser source is 42-1 66cm" 1 , 
15 the difference in wavenumber between the 

pump light emitted from said first laser source and 
that emitted from said second laser source is 
125-290crrr 1 , and 

the difference in wavenumber between the 
20 pump light emitted from said first laser source and 
that emitted from said fourth laser source is 
42-290cnrr 1 . 

98. The optical fiber amplifier as claimed in claim 96; 
25 characterized in that the difference in wav- 
enumber between the pump light emitted from said 
fourth laser source and that emitted from said first 
laser source is 42-1 66cm -1 , 

the difference in wavenumber between the 
30 pump light emitted from said first laser source and 
that emitted from said second laser source is 
125-290cm- 1 , and 

the difference in wavenumber between the 
pump light emitted from said first laser source and 
35 that emitted from said third laser source is 
42-290cnrv 1 . 

99. The optical fiber amplifier as claimed in claim 97, 
characterized in that the pump light beams emit- 

40 ted from said first and fifth laser sources have the 
same wavelength and the pump light beams emit- 
ted from said second and sixth laser sources have 
the same wavelength. 

45 lOO.The optical fiber amplifier as claimed in daim 98, 
characterized in that the pump light beams emit- 
ted from said first and fifth laser sources have the 
same wavelength and the pump light beams emit- 
ted from said second and sixth laser sources have 
so the same wavelength. 

101 .The optical fiber amplifier as claimed in daim 97 or 
98, further characterized by comprising a seventh 
laser source for pumping said second silica fiber, 
55 characterized in that the pump light beams emit- 
ted from said seventh and third laser sources have 
the same wavelength. 
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102. The optical fiber amplifier as claimed in one of 
claims 96-100, characterized in that said first tel- 
lurite fiber, first silica fiber and second tellurite fiber 
are connected in series in this order in said repeater. 

5 

103. An optical communication system including at least 
one transmission line segment characterized by 
comprising: 

(a) a repeater incorporating firsi io ihird iaser 10 
sources, a tellurite fiber pumped with the pump 
light emitted from said first and second laser 
sources, and a first silica fiber pumped with the 
pump light emitted from said third laser source; 
and 15 

(b) a unit transmission line having a fourth laser 
source and a second silica fiber pumped with 
the pump light emitted from said fourth laser 
source; 

20 

characterized in that said first to fourth laser 
sources emit pump light beams of wavelengths dif- 
ferent from one another. 

104. The optical communication system as claimed in 25 
claim 103; 

characterized in that the difference in wav- 
enumber between the pump light emitted from said 
third laser source and that emitted from said first 
laser source is 42-1 66crrr 1 , 30 

the difference in wavenumber between the 
pump light emitted from said first laser source and 
that emitted from said second laser source is 
125-290crrri,and 

the difference in wavenumber between the 35 
pump light emitted from said first laser source and 
that emitted from said fourth laser source is 
42-290cm 1 . 

105. The optical communication system as claimed in *o 
claim 103; 

characterized in that the difference in wav- 
enumber between the pump light emitted from said 
fourth laser source and that emitted from said first 
laser source is 42-1 66crrr 1 , 45 

the difference in wavenumber between the 
pump light emitted from said first laser source and 
that emitted from said second laser source is 
125-290cnrr 1 ,and 

the difference in wavenumber between the so 
pump light emitted from said first laser source and 
that emitted from said third laser source is 
42-290cm" 1 . 

106. The optical communication system as claimed in 55 
claim 1 04 or 1 05, further characterized by com- 
prising a fifth laser source for pumping said second 
silica fiber, 



characterized in that the pump light beams emit- 
ted from said fifth and third laser sources have the 
same wavelength. 

107.The optical communication system as claimed in 
one of claims 103-105, characterized in that said 
first tellurite fiber, first silica fiber and second tellur- 
ite fiber are connected in series in this order in said 
repeater. 



25 



EP 1229 674 A1 



SIGNAL LIGHT 
► 



PUMP LIGHT 




FIG.1A 



4.00 
3.50 
3.00 
2.50 
2.00 
1.50 
1.00 
0.50 
0.00 



. ' ' ' ' 

• 
ft 










■ 








• 1 _ 


• 








. i i 


m 
m 
m 
m 


> 

ft 
• 
ft 


J 




? 

— 1 


• 


■ 


ft 






\ i 
% * 


• • 
• 


* 

a 




• 
■ 




\i 


—1 — | 


« 


\ J 


1 

« 

1 

, J 




1 

i 


■ 




i 




^ V^J 


i 





50 



100 



150 



200 



250 



300 



DIFFERENCE IN WAVELENGTH (run) 

FIG.1B 



26 



EP1 229 674 A1 




DIFFERENCE IN WAVELENGTH (mn) 



FIG.2 



27 



EP 1 229 674 A1 



SIGNAL LIGHT 
► 




FIG.3 



28 



EP1229 674A1 





29 



EP 1229 674 A1 




30 



EP 1229 674 A1 




31 



EP 1 229 674 A1 





CD 



32 



EP 1 229 674 A1 




33 



EP 1 229 674 A1 




34 



EP 1 229 674 A1 




35 



EP 1 229 674 A1 





WAVELENGTH (nm) 

FIG.11B 



36 



EP 1 229 674 A1 



{ 




37 



EP 1229 674 A1 




EP 1 229 674 A1 




39 



EP 1229 674 A1 




to 



40 



EP 1229 674 A1 




41 



EP 1229 674 A1 




42 



EP 1 229 674 A1 




43 



EP 1 229 674 A1 




44 



EP 1 229 674 A1 




PUMP LIGHT 



LDM 
1430nm 



FIG.20 



45 



EP 1 229 674 A1 



SIGNAL LIGHT 
► 



41 



PUMP LIGHT 




FIG.21 



46 



EP 1 229 674 A1 




47 



EP 1 229 674 A1 




48 



EP 1 229 674 A1 



European Patent PARTIAL EUROPEAN SEARCH REPORT 

Office which under Rule 45 of the European Patent Conventton^p Q2 25 0699 

shall be considered, for the purposes of subsequent 
proceedings, as the European search report 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with Indication, where appropriate, 

of reievanl i 



Relevant 

to cSabrs 



CLASSnCATION OF THE 

APPUGATWM <!?!tC!.7) 



KIDORF H ET AL: "Pump Interactions in a 
iQO-nm Bandwidth Raman Amplifier" 
IEEE PHOTONICS TECHNOLOGY LETTERS, IEEE 
INC. NEW YORK, US, 

vol. 11, no. 5, 1 May 1999 (1999-05-01), 
pages 530-532, XP002193713 
ISSN: 1041-1135 

* the whole document * 

0HISHI Y ET AL: "GAIN CHARACTERISTICS OF 
TELLURITE-BASED ERBIUM-DOPED FIBER 
AMPLIFIERS FOR 1.5-flUM BROADBAND 
AMPLIFICATION" 

OPTICS LETTERS, OPTICAL SOCIETY OF 
AMERICA, WASHINGTON, US, 
vol. 23, no. 4, 

15 February 1998 (1998-02-15), pages 
274-276, XP000741413 
ISSN: 0146-9592 

* abstract; figures 2,3 * 

-/- 



1-6 



H04B10/17 
H01S3/067 



1-6 



TECHNICAL RELDS 
SEARCHED (!t!LCI.7) 



H04B 

H01S 



INCOMPLETE SEARCH 



The Search Dtvtskm considers (hat the present application, or one or more of Its claims, does/do 
not compy with the EPC to such an extent that a meaningful search Into the state of the art cannot 
be carried out, or can ccly be carried out partially, for these claims. 



Claims searched inoompletejy : 

Claims not searched: 

Reason tor the limitation of the search: 

see sheet C 



Pisco of search 

MUNICH 



Dale of oornpleton of trie soaroti 



6 May 2002 



Examine* 

Shaalan, M 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant If taken alone 

Y : part cul arty relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : Intermediate document 



T : theory or principle jnderiyfrig the Invention 
E : earfler patent document, but published on, or 

after the fifing date 
D : document dted in the application 
L : document cfted for other reasons 



& : member of the same patent family, corresponding 
document 



49 



EP 1 229 674 A1 




European Patent 
Office 



INCOMPLETE SEARCH 
SHEET C 



EP 02 25 0699 



Application 



Numbor 



Claim(s) searched completely: 
1-6 

Cla1m(s) not searched: 
7-107 

Reason for the limitation of the search: 

In view of the large number and also the wording of the claims presently 
on file, which render it difficult, if not impossible, to determine the 
matter for which protection is sought, the present application falls to 
comply with the clarity and conciseness requirements of Article 84 EPC 
(see also Rule 29(5) EPC) to such an extent that a meaningful search is 
impossible. Consequently, the search has been carried out for those parts 
of the application which do appear to be clear (and concise), namely 
claims 1 to 6. 

The search has been performed for the optical fibre amplifier comprising 
two or more laser pump sources having different wavelengths, a tellurite 
fibre pumped by said sources. 



50 



EP 1 229 674 A1 



European Patent 
Office 



PARTIAL EUROPEAN SEARCH REPORT 



EP 02 25 0699 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document wtth Indication, where appropriate, 
off 



MARHIC M E ET AL: "Large cross-phase 
modulation and four wave mixing in 
tellurite EDFAs" 

ELECTRONICS LETTERS, IEE STEVENAGE, 6B, 
vol. 35, no. 23, 

11 November 1999 (1999-11-11), pages 
2045-2047, XP006012943 
ISSN: 0013-5194 

* abstract; figure 1 * 

EMORI Y ET AL: " 1-THZ-SPACED 
MULTI-WAVELENGTH PUMPING FOR BROADBAND 
RAMAN AMPLIFIERS" 

PROCEEDINGS OF THE EUROPEAN CONFERENCE ON 
OPTICAL COMMUNICATION, XX, XX, 
5 September 2000 (2000-09-05), pages 
73-74, XP001057441 

* the whole document * 

CHRYSS0U ICE: "Gain-equalizing filters 
for wavelength division multiplexing 
optical communication systems: a 
comparison of notch and long-period 
grating filters for integrated 
optoel ectronics" 

OPTICS COMMUNICATIONS, NORTH-HOLLAND 

PUBLISHING CO. AMSTERDAM, NL, 

vol. 184, no. 5-6, 

15 October 2000 (2000-10-15), pages 

375-384, XP004219481 

ISSN: 0030-4018 

* page 378, column 2, line 17,18 * 



Relevant 

to claim 



1-6 



1-6 



1-6 



CLASSIFICATION OF THE 
APPLICATION (MLCL7) 



TECHNICAL FIELDS 

(InLCLT) 



51 



